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COMPONENT 
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According to Schrager, the first references to aberrant thyroids were 
by von Haller in 1779, Albers in 1839 and Gruber in 1845; the first 
accurate description was by Porta in 1849, and the first extirpation was 
by Stanley in 1850. 

Hinterstoisser in 1888 described 3 cases of lateral aberrant thyroid 
tissue, and von Eiselberg in 1901 collected 11 cases. In 1906 Schrager 
collected 15 cases from the literature of the preceding fifty years and 
added 2 of his own, and in 1908 McGlannan reported 3 cases. Wohl 
in 1917 added 4 cases. In 1923 Parcelier, Venot and Bonnin collected 
23 cases from the literature and added 2 of their own. These authors 
noted that the disease becomes manifest most frequently between the 
ages of 20 and 40. 

Billings and Paul in 1925 made a résumé of 34 previously reported 
cases and added 1 of their own, bringing the total to 35. They noted 
that 70 per cent of the tumors were papillary. Leech, Smith and Chute 
in 1928 reported 4 “lateral aberrant thyroid tumors” in nearly 4,000 
cases of disease of the thyroid, showing that the incidence in their series 
was 0.1 per cent. They noted the similarity between papillary adenoma 
of the thyroid and papillary adenoma of aberrant thyroid tissue. Cattell 
in 1931 reported 13 cases and confirmed the observation of Parcelier and 
his associates that the disease begins at an early age. The ratio of 
females to males was 10 to 3, corresponding with the ratio among the 
other cases of disease of the thyroid. He suggested the possibility of a 
single origin for papillary tumors of the thyroid and papillary tumors 
of lateral aberrant thyroid tissue. In 1931 Dunhill reported 4 cases. 

Moritz and Bayless in 1932 collected 122 cases from the literature 
and added 6 of their own. They showed that the greatest incidence 
is in the third decade, that the ratio of males to females is 1 to 3 and 


From the Surgical Pathological Laboratory of the Johns Hopkins University 
School of Medicine. 
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that 15 per cent of the tumors are bilateral. In 1939 Crile reported 
13 cases (in 5 of which there were papillary tumors of the thyroid), 
and concluded that “papillary tumors arising in thyroid tissue and in 
lateral aberrant thyroid tissue are remarkably benign” and that “when 
a papillary tumor is present in the thyroid and multiple nodules of the 
same histological structure are present in the lateral cervical region, 
these nodules should not be interpreted as incurable metastases from a 
carcinoma, but should be considered as multiple benign tumors and 
should be removed.” 

Among other recent authors who have reported cases are Guazon, 
Lewisohn, Lawton, Lazarus and Rosenthal, Eberts, Probstein and 
Agress, Hentz, d’Abreu, Greteman and Russum and Schmeisser. A 
total of 156 cases have been reported. 

Theories of the histogenesis of tumors of thyroid tissue beyond the 
capsule of the thyroid gland and of certain tumors within the thyroid 
gland are expounded largely from conclusions reached in the researches 
of embryologists on the morphogenesis of the normal human thyroid 
gland, from deductions reached in the study of patients with myxedema 
following excision of aberrant thyroid tissue and from autopsy material 
presenting congenitally defective thyroid tissue, as in the case of the 
myxedematous idiot reported by MacCallum and Fabyan in 1907 and 
cited by Weller in 1933. 

EMBRYOLOGY 


In 1885, His traced the development of the thyroid gland from the 
mesobranchial field, the median lobe from the middle portion of 
the epithelium of the floor of the pharynx and the lateral lobes from the 
sides of this floor. Born concluded that the middle lobe develops from 
the epithelium of the floor of the pharynx and the lateral lobes from the 
fourth gill cleft. Tourneux and Verdun in 1897, from a study of 8 
human embryos and 5 fetuses, advanced the theory that the thyroid 
gland arises from the pharyngeal complex by one medial and two lateral 
bodies. According to these authors, the median primordium first appears 
at the 3 mm. stage, becomes successively enlarged, lobulated, “bilobed” 
and detached from the pharynx and in the 16 mm. embryo is located 
in its typical definitive position. The lateral thyroid primordia, arising 
from the anterior walls of the fourth endodermal pouch, undergo simul- 
taneous detachment from the pharynx. 

This theory was opposed by Grooser in 1910 and by Kingsbury in 
1915. The former concluded that, although the ultimobranchial bodies 
are embedded in the thyroid gland, they are derived from the fifth 
branchial cleft rather than the fourth; the latter reached the con- 
clusion (with reservations) that the ultimobranchial bodies, after a period 
of growth, finally disappear without leaving a trace. The assumption 
of these embryologists of the existence of a single median primordium 
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for the thyroid gland was accepted by the majority of contemporary 
workers in the allied clinical fields. 

The theory of origin of the thyroid gland from three distinct 
primordia has more recently (1933) been confirmed and greatly elabo- 
rated by Weller, who after studying 24 human embryos and other 
material, although recognizing the morphologic changes in the “lateral 


Fig. 1—A, lateral aspect of the pharyngeal and primordial epithelium of a 
4mm. embryo. B, ventral aspect of the same. (Copied from Weller, G ka 
Development of the Thyroid, Parathyroid and Thymus Glands, Publication 443, 
Carnegie Institute of Washington, 1933.) 


thyroid component” described by Kingsbury, disagreed with his con- 
clusions and estimated that the median and the two lateral primordia 
each contribute about one third of the tissue to the definitive thyroid 
gland and in the 13 mm. embryo fuse into a morphologically single 
structure which histologically is composed of two distinct types of tissue 
(figs. 1, 2 and 3). 
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Aberrant thyroid tissue deposited during migration of the median 
primordium has been reported as occurring in various locations in the 
midline of the neck, from the foramen cecum to the definitive thyroid 
gland. Thyroid tissue has also been reported as occurring in the naso- 
pharynx, larynx, trachea, esophagus, mediastinum, pleura, pericardium, 
ovary and long bones. The present study is limited to the consideration 
of tumors of thyroid tissue located in the lateral regions of the neck, with 
and without tumors in the thyroid gland resembling them histologically, 


CLASSIFICATION OF CASES 


There have been collected in the Surgical Pathological Laboratory of 
the Johns Hopkins Hospital during the forty-five year period from 1893 
to 1938 the records and sections of 20 cases in which tumors of lateral 


Figure 2 Figure 3 


Fig. 2.—A, median view of the median and lateral thyroid components of a 
16.8 mm. fetus. The two structures are intimately approximated; the latter still 
maintains its rounded shape and is connected by a pedicle with the epithelium of 
the pharynx. B, typical frontal section through the median thyroid component to 
show the arrangement of the thyroid epithelium. (Copied from Weller, G. L., Jr.: 
Development of the Thyroid, Parathyroid and Thymus Glands, Publication 443, 
Carnegie Institute of Washington, 1933.) 


Fig. 3.—A, medial aspect of the right half of the thyroid gland in a 13 mm. 
embryo. The lateral thyroid is no longer connected with the pharynx, but the 
remains of the pedicle are present. B, typical transverse section of the same to 
show that contact between the median and lateral components is intimate and that 
the lateral thyroid contains a large central lumen. (Copied from Weller, G. L., Jr.: 
Development of the Thyroid, Parathyroid and Thymus Glands. Publication 443, 
Carnegie Institute of Washington, 1933.) 


aberrant thyroid tissue were present. Three of these cases have pre- 
viously been reported by McGlannan. As in the great majority of the 
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cases reported in the literature, the clinical diagnosis in most instances 
was incorrect. The most frequent diagnoses were tuberculosis, lympho- 
sarcoma, Hodgkin’s disease and cyst of the branchial cleft. These 20 
cases have been reclassified after review of the histories, microscopic 
sections and ultimate results. The accompanying table shows the group- 
ing in the reclassification. 

A priori, the presence of thyroid tissue in nonindigenous areas is 
dependent on the growth of cells misplaced during embryonic develop- 
ment or on cells which have metastasized from a tumor developing at 
the site of such an island of cells or from a tumor originating within the 
thyroid gland. 

Among the problems which arise in connection with the study of 
these tumors are their origin, cellular propensities, histologic structure, 


Classification of Tumors 


Group 1. Adenocarcinoma of thyroid with metastasis to cervical lymph nodes (7 cases) 
A. Palpable tumor of thyroid gland on examination, 6 cases 
B. History of excision of a tumor from thyroid gland, 1 case 


Group 2. Aberrant malignant thyroid tumor in the presence of a normal thyroid (9 cases) 
A. No metastasis to cervical lymph nodes, 1 case 
B. Metastasis to cervical lymph nodes, 5 cases 


C. Metastasis to cervical lymph nodes (no known thyroid or aberrant tumor in 
history or on examination), 3 cases 


Group 3. Benign aberrant thyroid tumors (4 cases) 
A. Palpable tumor of the thyroid, 1 case 
B. History of excision of tumor from thyroid, 1 case 


Cc. ~ palpable tumor of thyroid or history of excision of tumor of thyroid, 
cases 


classification, treatment and prognosis. Metastatic papillary adenocar- 
cinoma in the cervical lymph nodes from adenocarcinoma primary either 
within the thyroid gland or in aberrant thyroid tissue has frequently been 
mistaken clinically and even histologically for benign hyperplastic 
aberrant thyroid tissue or benign papillary adenoma. . 


ANALYSIS OF CASES 


Group 1 A (6 cases).—In each instance there was a palpable tumor 
of the thyroid gland at the time of examination, and in 5 instances the 
tumor was a typical papillary adenocarcinoma. The remaining tumor 
was classified as a variant of the papillary adenocarcinoma and showed 
marked vascular invasion, belonging to the group recently described by 
Graham. The absence of any evidence of remote metastasis in 5 cases 
many years after involvement of the regional lymphatic nodes confirms 
the low grade of malignancy of the majority of these tumors. 
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One patient returned with regional recurrence in the supraclavicular 
area three and a half years after excision of a small nodule in the thyroid 
gland and a group of cervical lymph nodes and has since been lost from 
observation. Another is free from evidence of metastasis eighteen years 
after the appearance of the tumor in the thyroid gland and sixteen years 
after excision of the tumor and a cervical lymph node which was the 
seat of metastasis. A third patient died of “cancer of the thyroid” thirty- 


Fig. 4—Low power photomicrograph of a low grade papillary adenocarcinoma 
of the thyroid gland. In 1906, after being apparent for fourteen years, this tumor 
was excised with a group of cervical lymph nodes involved by metastasis. The 
patient died in 1929, twenty-three years after operation, of “cancer of the thyroid.” 


seven years after onset of the disease and twenty-three years after 
excision of the thyroid tumor and a group of the cervical lymph nodes 
(fig. 4). One patient (fig. 5) was living, with extensive involvement of 
the thyroid and cervical lymph nodes when last heard from, in 1935, ten 
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years after a biopsy which showed papillary adenocarcinoma. One 
patient returned for excision of the right lobe of the thyroid seventeen 
years after onset of the tumor and ten years after excision of the left 
lobe and the cervical lymph nodes on the left and has since been lost 
from observation. The remaining patient (fig. 6) in this group, whose 


Fig. 5.—Photograph of a patient taken Jan. 10, 1935, ten years after a biopsy 
which showed papillary adenocarcinoma. 


lesion was classified as a variant, died nine years and eight months after 
the tumor was first observed and four years and eight months after 
operation. At autopsy metastases were observed in the brain, lung, 
spleen anc small intestine. The age at onset in this group varied from 
18 to 46 years. Four of the 6 patients were under 35 years of age, and 
the average age at which the tumors became apparent was 36 years. 
Two of the patients had slight toxic symptoms. 
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Group 1 B (1 Case).—The sections in this case showed chiefly col- 
loid and fetal adenoma with areas of papillary adenocarcinoma. Thy- 
roidectomy was performed at the age of 38. Subsequently there were 
three operations for excision of the cervical lymph nodes. The patient 
died eighteen years after the thyroidectomy, with inoperable local recur- 


Fig. 6.—Low power photomicrograph showing a variant of papillary adeno- 
carcinoma of the thyroid gland. Note the vascular invasion. The patient died nine 
years and eight months after the tumor was first observed and four years and 
eight months after it was excised. At autopsy metastases were observed in the 
brain, lung, spleen and small intestine. 


rences involving the pharynx and esophagus and producing gradual 
starvation. There was no clinical evidence of remote metastasis. Autopsy 
was not performed. 
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Group 2 A (1 Case).—The patient was a Negress 39 years of age. 
There was a small, rounded firm nodule 1.5 cm. in diameter to the left of 
the midline of the neck and below the hyoid bone. This nodule had been 
present for one year when it was excised (Dec. 8, 1936). The sections 
showed colloid and fetal adenoma and the early stage of papillary adeno- 
carcinoma. The patient was reported well in August 1938. In view of 


Fig. 7.—Low power photomicrograph of the early stage of papillary adeno- 
carcinoma. (See text for clinical note.) 


the benign nature of the larger part of the tumor and the very early stage 
of adenocarcinoma, it is possible that the restricted operation may have 
been sufficient to prevent recurrence. 

Group 2 B (5 Cases).—The histologic structure in 4 of these cases 
was that of typical papillary adenocarcinoma similar in appearance to 
the tumors in group 1. In 1 of these there was, in addition, grade 4 
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carcinoma. In the remaining case the microscopic picture was that of 
colloid adenoma with invasion of the blood vessels as described by 
Graham. The patient died of metastasis twelve years after onset of the 
disease, during which time there were five operations and roentgen and 
radium therapy were given. Two of the patients are well eleven years and 
six years respectively after onset of the disease and five years and two 


Fig. 8.—Low power photomicrograph showing a typical papillary adenocarcinoma. 


years respectively after operation. One patient has been lost from 
observation. The patient with a combination of papillary adenocarcinoma 
and grade 4 carcinoma died six and a half years after onset of the 
disease and six months after operation (figs. 8 and 9). 

The thyroid gland in each case in this group was considered normal, 
and in no instance was there any nodule within the thyroid gland or any 
toxic symptoms. The age at which the tumor became apparent varied 


from 
from 
glanc 
demc 
“4 4 Po 
she 
to 
of 
Ww. 
4 
el 
| 


COHN-STEWART—THYROID TUMORS 595 


from 22 to 69 years, and the average age was over 47 years, higher than 
in group 1 A. 

Group 2 C (3 Cases).—The 3 cases in this group differed clinically 
from the cases in group 1 by the absence of any tumor in the thyroid 
gland and from the cases in groups 2 A and 2 B by the absence of any 
demonstrable primary aberrant thyroid tumor. In none were toxic symp- 


Fig. 9—High power photomicrograph from another area in the same tumor, 
showing highly malignant anaplastic carcinoma. 


toms present. In 2 of the cases there had been a previous incomplete 
operation. 

Because the microscopic pathologic picture in each of these 3 cases 
was that of papillary adenocarcinoma similar to the papillary adeno- 
carcinoma in groups 1, 2 A and 2 B it seems likely that the primary tumor 
either was excised at a previous operation or was so involved in the mass 
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of carcinomatous lymph nodes that it was indistinguishable from them. 
The ages at which the tumor became apparent were 18 years, 8 years and 
28 years respectively, and the duration of the tumor prior to operation was 
six years, thirty years and two years respectively. Attention is called to 
the youth of the patients at the time the tumor first appeared and the long 
duration of the tumor without evidence of extension beyond the regional 
lymph nodes. 


HISTOLOGIC DESCRIPTION OF PAPILLARY ADENOCARCINOMA 


The primary aberrant tumor may indicate its origin from a thyroid 
primordium when it is composed of large coalescent colloid-containing 
vesicles lined by cuboidal epithelium showing an early stage of papillary 
proliferation (fig. 7). This is true even in the advanced stage of a very 
cellular anaplastic carcinoma containing tumor giant cells and showing 
almost complete absence of stroma when this is continuous with an area 
of papillary adenocarcinoma (figs. 8 and 9). 

Sometimes the tumor is made up of large lobules of irregularly dilated 
and coalescing vesicles in which there are no remains of colloid material, 
united by a scanty amount of loose connective tissue and separated by 
dense fibrous stroma. The acini are lined by a single layer of cuboidal 
or columnar epithelial cells, and there is scarcely any papillary prolifera- 
tion, the tendency being toward formation of increasing numbers of small 
acini. Vascularity is only moderate, and calcification is not present. 
Where the lobules become more irregular, the loose intralobular stroma 
disappears and the picture is that of a syncytium with epithelium-lined 
spaces (fig. 10). Where all evidence of lobules disappears, there is 
dense connective tissue infiltrated at intervals by epithelial cells dif- 
ferentiating into glandlike structures and producing the typical appear- 
ance of an adenocarcinoma. 

The microscopic appearance of papillary adenocarcinoma originating 
in the thyroid gland or in aberrant thyroid tissue is most typical when 
observed in a cervical lymph node showing metastases from such a 
tumor.’ As a rule the normal structure of the lymph node is destroyed, 
and variable amounts of lymphoid tissue remain. Sometimes at the site 
of the lymph node there is a diffuse multilocular papillomatous cyst. The 
wall of the cyst is lined by a single layer of cuboidal or columnar 
epithelial cells and divided by many thin partitions lined on each side by 
a layer of similar cells. Between the opposing bases of these epithelial 
cells is a narrow zone of loose fibrous stroma in width only about twice 
the height of the lining epithelium except where distended capillaries 
are present. Projecting into the lumens of the cystic areas are hundreds 


1. See figure 13 in Cohn. 
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of small and larger papillomas covered by a single layer of epithelium 
similar to the epithelium of the cyst wall. These papillomas are usually 
long and narrow, show marked arborization and contain only enough 
stroma to support the extensive capillary network nourishing the epithelial 
cells on the surface. Frequently in the walls of these cystic areas there 
are large collections of regular colloid-containing vesicles ; occasionally 


Fig. 10—Low power photomicrograph of a primary “lateral aberrant thyroid 
adenocarcinoma.” Note the absence of papillary proliferation. 


such vesicles are present even in the papilloma, and sometimes the cysts 
have a colloid content. 

In rarer instances, diffuse areas of colloid vesicles predominate and 
there are only occasional areas of papillary adenocarcinoma. The tissue 
is all very vascular, and in addition to the distended capillaries in the 
walls of the cystic areas and in the stalks of the papillomas there is usually 
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hemorrhage into the lumens of the cysts and into the colloid vesicles jp 
the cyst wall, and frequently there is marked calcification of the stroma 
of many of the papillomas. 

Most authors now suspect a common embryologic origin for papillary 
tumors located in the thyroid gland and papillary tumors in the lateral 
regions of the neck and for the purposes of study group them together. 
In 1903, Low, in reporting 6 cases of papillary adenocystoma of the 
thyroid and accessory thyroid glands, noted the rarity of remote 
metastases and the tendency toward rapid recurrence. He considered 
these tumors relatively benign and compared them to papillary tumors 
of the ovary. He did not attempt to differentiate the benign and the 
malignant tumors. 

Moritz and Bayless in 1931 classified the tumors observed by them 
into benign papilliferous tumors and papillary carcinoma, and Crile in 
1939 stated that it is questionable whether these tumors are true carci- 
noma and compared them to mixed tumors of the salivary glands. 


SUMMARY OF PAPILLARY TUMORS 


A consideration of the papillary tumors (groups 1 and 2) as a unit 
disclosed that 35 years was the average age at which the tumor was 
first noted and that 11 of the patients were females and 5 males. In 
2 instances (12.5 per cent) there were slight toxic symptoms. In 7 
of the 16 cases of papillary adenocarcinoma the tumors were primary 
in the thyroid gland, and in 9 they were primary in lateral aberrant 
thyroid tissue. The site of the primary aberrant thyroid carcinoma was 
definitely known in 5 of the cases; in 3 instances it was the submaxillary 
area, in 1 the supraclavicular area and in 1 the region of the hyoid bone. 
The deep cervical lymph nodes were involved in the metastases. With 
2 exceptions these tumors have been submitted to a restricted operation. 
Of the 14 patients treated by such an operation, local recurrence has 
taken place in 10; 1 has been well and free from recurrence for eighteen 
years and 1 has been lost from observation. The remaining 2 patients 
are well one and one-half years and two years respectively since 
operation. The frequency of local recurrence (71 per cent) tells the 
story of the inadequate operation performed in the majority of instances, 
and this, we believe, is ample evidence for the conclusion that the opera- 
tion should be planned for complete excision of the palpable tumor 
together with all the regional lymphatic nodes on the involved side of 
the neck. This procedure was followed in 2 of our cases, in 4 of Catell’s 
cases, in some of Crile’s cases and in a case reported by Eberts. The 
operation has recently been described in detail by one of us (L. C. C.). 
A photograph of the patient and a photomicrograph of one of the 
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lymphatic nodes from one of the 2 cases so treated were presented in the 
previous publication. This patient has remained well during the four 
vears and nine months which have elapsed since the operation. The 
second patient so treated was well one year after operation. 

In spite of the high incidence of local and regional recurrence, death 


from remote metastasis has occurred in only 2 instances (16 per cent), 


Fig. 11.—Low power photomicrograph of a “lateral aberrant thyroid tumor,” 
showing adenomatous hyperplasia. (See text for clinical note.) 


and in both cases there was vascular invasion (fig. 6). Death occurred 
from local or regional recurrence in 3 instances (25 per cent), from 
compression of the esophagus after radium therapy and from “malignant 
tumor of the thyroid.” 

One patient is living with regional recurrence, 3 patients with regional 
recurrence have been lost from observation and we have been unable to 
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follow 1 patient since the operation. Six patients are well eighteen years, 
five years, three years, two and one-half years, two years and one year 
respectively after operation. These results parallel to some extent those 
in the larger group recently reported by Crile. The absence of remote 
metastasis in the pure papillary tumors has led this author to the con- 
clusions mentioned earlier in this paper. 


Fig. 12—High power photomicrograph of a “lateral aberrant thyroid tumor,” 
showing adenomatous hyperplasia. The growth was excised March 20, 1936. An 
adenoma had been excised from the thyroid gland Sept. 9, 1933. The patient was 
well July 22, 1939. Compare with figure 11. 


COMMENT 


If the conclusion of Weller that the definitive thyroid gland is derived 
from three primordia is correct, it seems logical to conclude that lateral 
aberrant thyroid tissue and the tumors to which it gives rise are derived 
from the lateral thyroid component. The histologic appearances of 
papillary adenocarcinoma arising in the thyroid gland and of papillary 
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adenocarcinoma arising in lateral aberrant thyroid tissue are so similar 
that their origin from a common anlage is suggested. If this is so, the 
location of the tumor within or outside the thyroid would be determined 
by the time the embryonic tumor cells are split off from the lateral 
primordium. If the split occurs during fusion of the lateral and median 
thyroid primordia, the tumor will be located in the thyroid gland; if 
the split occurs before fusion, the tumor will appear lateral to the thyroid 


Fig. 13—Low power photomicrograph of an encapsulated adenoma of lateral 
aberrant thyroid tissue. (See text for clinical note.) 


gland as an “aberrant thyroid tumor.” Tending to confirm this theory 
of the histogenesis of papillary adenocarcinoma is the fact that rarely, 
if ever, do papillary tumors occur along the tract of the median 
primordium, whereas papillary tumors are reported to constitute 70 
per cent of the “lateral aberrant thyroid tumors” studied by Billings and 


Paul and composed 80 per cent of the tumors under consideration in this 
study. 
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It is true that myxedema has been more frequent after excision of 
medial lingual thyroid, but this has also occurred after excision of a 
lateral aberrant thyroid. Such a case was reported by Probstein and 
Agress. 

Group 3 A (1 Case).—The patient was a white man 22 years of age 
with two small nodules attached to the thyroid gland, a small mass over 
the trachea and multiple larger masses on the right side of the neck, 


Fig. 14—Low power photomicrograph of simple colloid hypertrophy in lateral 
aberrant thyroid tissue. (See text for clinical note.) 


described as at least 3 cm. in diameter. The nodules extended from the 
submaxillary area behind the sternocleidomastoid muscle to the clavicle. 
They were of twelve years’ duration, and they were associated with toxic 
symptoms referable to the thyroid. The patient is reported well April 26, 
1939, thirty-nine years after onset of the lesion and twenty-nine years 
after excision of the nodule in the thyroid gland and the lateral nodules. 
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The microscopic picture showed cystic thyroid acini and solid thyroid 
acini plugged by epithelial cells showing hyperplasia. There were no areas 
with papillary arrangement or vascular invasion (fig. 11). 


Group 3 B (1 Case).—A girl had undergone an operation for excision 
of a nodular growth from the left lobe of the thyroid when 12 years of 
age and excision of a nodule from the left side of the neck two years and 
six months later. The sections from both nodules showed solid acini of 
hyperplastic thyroid (fig. 12). At examination on July 22, 1939, three 
years and four months after the second operation, we were unable to 
palpate any new nodules. During the past year the basal metabolic rate 
has varied from —13 to —32 per cent. The patient is taking thyroid 
extract. The diagnosis of a benign lesion is based on the histologic 
appearance of the hyperplasia and the absence of both papillary arrange- 
ment and vascular invasion, a picture similar to that in the preceding 
case, in which the ultimate result is known after a long period of years. 
In both the nodules were probably the result of compensatory hyperplasia 
because of a hypoplastic thyroid gland, the second nodule developing 
in lateral aberrant thyroid cells after excision of one lobe of the thyroid 
gland. 

Group 3 C (2 Cases).—The first patient was a white woman 62 years 
of age. The tumor, which was 1.5 cm. in diameter, was situated to the 
right of the larynx about the level of the coracoid process. It had been 
noticed by the patient for only two weeks, and there were no toxic 
symptoms. After the excision she lived for twenty-two years. She died 
at the age of 84 without any evidence of recurrence of metastasis. The 
microscopic section shows an encapsulated adenoma with hyperplasia 
(fig. 13). 

The second patient in this group was a white woman aged 38 with 
a nodule in the upper right cervical region. It had been present for 
one and one-half years when it was excised (in 1915). There had been 
nervousness for one year. The thyroid gland appeared normal. Histo- 
logically the lesion showed simple colloid hypertrophy without hyper- 
plasia, papilloma or vascular invasion. There has been no recurrence 
in the twenty-four years which have elapsed since the operation. 


COMMENT 


Aberrant thyroid tissue may undergo hypertrophy or even compensa- 
tory hyperplasia because of a hypofunctioning thyroid gland or because 
of neoplasia. In the case of simple hypertrophy the diagnosis can be 
made with relative assurance. Physiologic hyperplasia, however, creates 
a diagnostic problem because of the difficulty in distinguishing histo- 
logically between hyperplasia and neoplasia in thyroid tissue located 
outside the capsule of the thyroid gland. When the occurrence of this 
hyperplastic thyroid tissue beyond the confines of the thyroid gland 
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follows excision of hyperplastic tissue from within the thyroid gland, as 
in 1 of the cases aforementioned, the diagnosis is rendered even more 
difficult. The absence of papillary proliferation and vascular invasion 
suggests a benign lesion. 

SUMMARY 


A brief review is made of the literature on tumors of lateral aberrant 
thyroid tissue. 

Twenty cases of thyroid tumors in the lateral regions of the neck 
with and without an analogous tumor in the thyroid gland have been 
analyzed and an attempt made to correlate them on an embryologic basis. 

Eighty per cent of the patients had papillary tumors, and 3 of these 
showed, in addition, higher grades of malignancy. 

A histologic description of the papillary tumors is given. 

Local or regional recurrence after incomplete operation occurred in 71 
per cent of the cases of papillary tumor, but none of the patients with 
pure papillary tumors died of remote metastasis. 

Four, or 20 per cent, of the tumors showed benign hypertrophy or 
hyperplasia of lateral aberrant thyroid tissue, and in this group there 
has been no recurrence or metastasis during the many years 3 of them 
have been followed or for more than three years in the more recent case. 


CONCLUSIONS 


Surgical treatment of papillary tumors in the lateral regions of the 
neck should consist of their complete excision and block dissection of the 
cervical lymph nodes. When the lateral thyroid tumor shows no evidence 
of papillary proliferation or vascular invasion, restricted surgical excision 
is adequate. 
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RELATION OF TUMORS OF LATERAL ABERRANT 
THYROID TISSUE TO MALIGNANT DISEASE 
OF THE THYROID GLAND 


ROBERTSON WARD, M.D. 
SAN FRANCISCO 


Tumors of lateral aberrant thyroid tissue offer a particularly fruitful 
field for the investigator interested in the origins of cancer. In some of 
the earliest reports of this condition, Hinterstoisser * pointed out that the 
tendency to malignant degeneration in these primarily benign tumors is 
great. When one considers the fact that the dividing line between 
innocent and malignant tumors is nowhere less sharply drawn than in 
tumors of thyroid tissue showing the papillary design, it will be seen 
that intriguing opportunities are offered in the study of this group of 
neoplasms. Most investigators agree as to the possibility of malignant 
change, but there is considerable difference of opinion as to the point 
at which malignancy begins, the criteria of malignancy and the degree of 
malignancy, once the diagnosis is established. Dunhill? wrote: “It 
would seem that these misplaced bits of tissue, whether in the lateral 
triangle of the neck or in the thyroid gland itself, foredoom the host to 
carcinoma from before the day of birth.” On the other hand, Crile* 
said: “Tumors arising in lateral aberrant thyroid tissue are essentially 
benign” and “It has not been proven that either distant or local metas- 
tasis occurs from papillary tumors of lateral aberrant thyroid origin.” 
These two views represent the extremes, and it is probable that the truth 
lies somewhere between them. 

Because this point of benignancy or malignancy is so controversial, 
present 15 cases of tumors of aberrant thyroid tissue. Twelve of the 
growths I consider malignant, and 3, benign. For each case a short 
discussion is presented, detailing the reasons for classifying the growth 
as benign or malignant. Many may not agree with my conclusions after 


From the Department of Surgery, University of California Medical School. 
Read before the Surgical Section of the Third International Cancer Congress, 
Atlantic City, N. J., Sept. 13, 1939. 
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studying the case histories and the photomicrographs. It is evident that 
in many of these cases only the passage of time and the eventual outcome 
will prove whether the tumors are malignant (as in case 3, cited here). 
Because these tumors of aberrant tissue are of such a low degree of 
malignancy and because many malignant tumors of thyroid tissue in 
general have a tendency to lie dormant or to progress very slowly over 
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Fig. 1—A, age incidence of malignant tumors of lateral aberrant thyroid tis- 
sue. B, age incidence of 95 malignant goiters not of lateral origin. 


many years, a long period of observation in addition to a rigid follow-up 
in all cases is an absolute necessity before conclusions can be drawn. 
I hesitate to draw absolute conclusions even if a follow-up has been 
obtained on each patient to the time of his death or, if he is living, to 
the time of writing, as has been done in these 15 cases of tumor of 
aberrant thyroid tissue and in 95 cases of cancer of the normally placed 
thyroid gland. 
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COMPARISON OF LATERAL AND MIDLINE NEOPLASMS 


In 4,274 operations from which material was available for pathologic 
examination there were 15 tumors of lateral aberrant thyroid tissye 
and 95 malignant growths arising in normally situated thyroid glands, 
This gives a ratio of 1 to 285 for the former and 1 to 45 for the latter. 
The average age of the 12 patients with malignant tumor of a lateral 
aberrant thyroid was 24; of the 95 with malignant tumors in the midline, 
52.7, and of the 3 with lateral benign tumors, 48. Fifty-eight per cent 
of the patients with malignant tumor arising in lateral aberrant thyroids 
were under 30 years of age, while only 7 per cent of malignant tumors 
of the midline appeared in the first three decades of life. The compara- 
tive statistics for age are shown in the accompanying graphs (fig. 1). 
The early onset lends weight to the assumption that tumors of lateral 
aberrant thyroid tissue are associated with developmental abnormalities, 
such as lack of fusion of the median and the lateral thyroid anlages. 
They further suggest that the tumors are not primarily malignant, since 
they develop before the age when malignant tumors are prone to appear. 
In this respect it must be emphasized, however, that general conclusions 
should not be drawn from a small series, as the oldest patient did not 
have his tumor till he reached the age of 66 years, and 3 of the 12 
patients with malignant tumor of aberrant thyroid tissue were over 
51 years of age when they came under observation. 

The sex ratio was as follows: 

Males Females Ratio 


Malignant tumors of lateral aberrant thyroid tissue.............. 5 7 1:14 
Benign tumors of lateral aberrant thyroid tissue................... 1 2 1:2 


In the general series of patients with goiter operated on during the 
same interval the ratio was 1 male to 7 females in 4,274 operations. 

The duration of the tumors before the patients sought medical atten- 
tion varied from eight months to fifteen years, the average being 
fifty-six months (table 1). An analysis of the histories indicates that 


TABLE 1.—Preoperative Duration of Tumor and Probable Duration of Malignancy 


Duration of Probable Duration 
Oase Tumor of Malignancy 
ae on 2 years 2 years 


* Midline tumor of six years’ duration before operation. A lateral nodule appeared six 
years after operation and was removed one year later. 
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4 of the tumors were malignant from the onset (cases 3, 6, 7 and 11). 
In 1 case (9), a “midline and lateral” tumor had grown for eight years 
and had remained unchanged for six, so that no estimate of the duration 
of malignancy could be made. In the remaining 7 cases a midline or a 
lateral tumor had been in existence for from one to fifteen years before 
rapid growth or the appearance of other nodules suggested malignant 
change. It should be realized, however, that the onset of rapid growth 
is not a dependable sign of malignant change, as many of these tumors, 
malignant from the beginning, either lie dormant or grow slowly for 
years; on the other hand, rapid and continuous growth may take place 
in tumors which run a clinically benign course and show little, if any, 
evidence of malignancy in their microscopic pattern. 

A comparison of the mortality for tumors in the two locations is 


of interest: 


Lateral Midline Lateral 
Malignant Malignant Benign 


Dead Of 3 (25%) 51 (53.5%) 0 
Living with recurrence or persistence of disease... 4 (33%) 10 (10.5%) 2 (66%) 
Living without evidence of disease................. 5 (42%) 29 (30.9%) 1 (33%) 


Dead of intercurrent disease................eseeees 5 (5.5%) 0 


Of the 3 patients dead of lateral tumors, 2 (cases 3 and 5) had 
growths of the papillary type, while 1 (case 9) had a tumor of the malig- 
nant adenoma type. Of the 12 malignant tumors of lateral aberrant 
tissue, 7 either were predominantly papillary or showed some signs of 
that type of growth, while 5 showed no tendency toward papilliferous 
change. 

LOCATION OF TUMORS 


The most common location of lateral aberrant tumors is along the 
course of the sternocleidomastoid muscles. Figure 2 and table 2 show 
the distribution of the tumors in my 15 cases. It is worthy of note that 
in only 3 instances were the tumors single; that the most common site 
was under the middle of the left sternocleidomastoid muscle; that 42 
of them were located in the left side of the neck and 29 in the right, 
and that in only 3 cases was there no associated involvement of the 
thyroid gland. 

REPORT OF CASES 


Case 1—E. B., a white woman 29 years of age, first consulted me Feb. 24, 
1924, complaining of swelling in the left side of the neck for the past five or 
six years. She had experienced a feeling of tightness and of dull, aching pain, 
persistent and increasing for the past two or three years. On physical examina- 
tion a fairly hardy rounded mobile nodule could be felt in the left upper pole of 
the thyroid giand, 

At operation, on February 25, an encapsulated nodule was removed from the 
left upper pole of the gland, and a smaller nodule, showing questionable erosion 
of the capsule, was removed from the right upper pole. 
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The pathologic report was in part as follows: Both the large mass (that on the 
left) and the smaller one showed mostly the papillary cystadenoma type of tissye. 
One area in the smaller mass showed active sheets of invading tissue. A pathologic 
diagnosis of early malignant tumor arising in an adenoma was made (fig. 3), 

The patient was kept under observation, and on April 30, 1930, lateral nodules 
were noted along the anterior border of the left sternocleidomastoid muscle, jus, 
below the angle of the jaw. One measuring 2.7 cm. in diameter was noted above 
the left clavicle. These were removed on March 23, 1931 and were found to be 
deep and adherent to the carotid artery and the jugular vein. One was ruptured on 
removal, with release of thick, grayish necrotic material. On pathologic examina- 
tion the tissue was called metastatic, slowly growing carcinoma, identical with 
the tumor from the original goiter. No lymph node architecture was noted. 
During March 1931 the patient received roentgen therapy to the amount of 1,700 
roentgen units. 


Fig. 2.—Diagram showing the most common locations of lateral aberrant 
tumors. Table 2 gives the location of the tumors in our 15 cases in reference 
to this diagram. 


2.—Location of Tumors 


Case Total 
5 6 7 8 9 0 11 12 13 14 15 Tumors Patients 
1 6 3 
1 1 4 3 
1 6 6 
Total tumors 


* Indicates involvement of area by tumor listed under another location. 


In March 1932 a new group of nodules was noted. She was given a further 
course of therapy, 650 roentgen units, with little resultant change. By March 29, 
1934 the nodules were slightly larger, and operative removal was advised. 
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On April 15 nodules were noted along the left sternocleidomastoid muscle and 
above the left clavicle. These were removed through separate incisions on April 16. 
All were adjacent to the jugular vein but not invading it. The lower ones were 
matted together and removed en bloc. Seven grams of tissue was excised. The 
nodules were hard, elastic and bluish gray. Microscopic examination showed that 
they were not lymph nodes but encapsulated thyroid tissue. They were entirely 
similar to those observed at the two previous operations. On pathologic examina- 
tion the tissue was diagnosed as lateral aberrant thyroid adenoma. 

There was no sign of recurrence by May 15, 1939, when the patient was last 
examined. 


Fig. 3 (case 1).—Photomicrogaph (x 120) of tissue removed from E. B. at the 
first operation. The clear areas represent hyalinized alveoli which are surounded by 
small epithelial cells in patternless fields. A similar picture was seen in all sub- 
sequently removed tissue. 


Comment.—The growth in this case was originally placed among 
the malignant tumors of the normally placed thyroid gland because 
of the erosion of the tumor capsule observed at operation and grossly 
on pathologic examination. The microscopic picture lent evidence to a 
diagnosis of malignant tumor, although the malignancy was of low 
degree. The appearance of lateral nodules six years and ten years after 
the original operation lent further weight to this presumption. There 
Was no gross or microscopic evidence that these recurrences were 
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metastases to lymph nodes, but a study of the microscopic sections 
showed a picture similar to that of the original tumor, and there was 
evidence of penetration of the blood vessels in both the Original and 
the recurrent tumor. Against the diagnosis of malignant tumor were the 
absence of mitosis in all specimens and the fact that the patient has 


Fig. 4 (case 2)—Photomicrographs of tissue removed from M. S. A, specimen 
(X 120) from the interior of the tumor, showing the usual papillary pattern. 


B, specimen (X 450), showing invasion by carcinoma of the blood vessels in the 
muscular tissue adjacent to the tumor. 


remained well, without signs of local recurrence or generalized metas- 
tases, for five years since the last operation, without radiation therapy. 


; CASE 2.—M. S., a white woman 63 years of age, was first seen April 16, 1926, 
with a painless, slowly growing tumor on the right side of the neck, just above the 
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clavicle, which had been present fifteen years. It had grown rapidly during the 
three years preceding my examination of the patient and had doubled in size. 
It had been firm until four months earlier, when it had become soft and fluctuant. 
The patient stated that the lump started near the midline, below the cricoid 
cartilage, and extended laterally and upward to the angle of the jaw. It had become 
lobulate one year previously. The tumor produced no symptoms. 

On physical examination a large lobulated mass could be seen and felt, 
apparently superficial to the right sternocleidomastoid muscle and extending from 
the suprasternal notch upward toward the angle of the jaw. It was only slightly 
movable and apparently was attached to the underlying structures. Although it 
moved slightly with deglutition, it did not seem to be attached to the thyroid 
gland. It was hard in some areas and soft in others. 

At operation, on April 22, the mass was found to be made up of multiple 
cystic and solid tumors adherent to the neurovascular bundle but pushing the 
sternocleidomastoid muscle laterally and back. It extended medially, obliterating 
the ribbon muscles, and was attached to the right lobe of the thyroid by a pedicle. 

On pathologic examination a diagnosis was made of papillary carcinoma, 
probably arising in lateral thyroid tissue. Invasion of the blood vessels was found 
in a number of areas (fig. 4). 

The patient was living and well in May 1939. 


Comment.—This case represents one of the apparent paradoxes of 
cancer of the thyroid. The tumor was grossly malignant in appearance 
at operation in that it had penetrated the ribbon muscles and spread 
throughout the neck regardless of cleavage planes. It was grossly and 
microscopically malignant on pathologic examination in that it had pene- 


trated its capsule, infiltrated muscle and invaded the capsular vessels in 
many places. There was normal-appearing thyroid tissue in the section, 
and the malignant areas showed a papillary pattern for the most part, but 
there were many areas of adenocarcinoma where the tumor was invasive. 
The photomicrograph (fig. 4B) showing invasion of the blood vessels 
was taken from a portion of the specimen some distance outside the 
tumor capsule and in the midst of skeletal muscle fibers. This patient 
received no roentgen therapy after operation and yet is living and 
apparently free of disease over thirteen years later. In this case a ques- 
tion arises as to the origin of the tumor. Although it occupied a position 
suggestive of lateral aberrant thyroid origin, it was attached to the right 
lobe of the gland by a small pedicle, and the patient stated that it had 
first appeared near the cricoid cartilage and progressed lateralward. 


Case 3.—E. F., a white woman 62 years of age, first consulted me because of 
a mass in the left side of the neck on June 15, 1927. The mass had been first 
noticed in February 1926. It had been unassociated with pain or discomfort and 
had apparently remained the same size or grown very slowly during the year and 
a half of its existence. The patient had lost 4 to 8 pounds (1.8 to 3.5 Kg.) in 
the past six months. Examination gave essentially negative results except for the 
condition in the neck. 

On the left side of the neck there was a large mass, roughly sausage shaped, 
14 cm. in length, lying under the left sternocleidomastocid muscle and running 
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obliquely from the region of the left upper pole of the thyroid gland upward 
and backward to and immediately beneath the mastoid process. The tumor Was 
sharply outlined, movable and not tender. It was not thought to be connected 
with the left lobe of the thyroid and did not move with deglutition. There was 
a second nodule protruding just above the left clavicle, lateral to the lower end 
of the sternocleidomastoid muscle. A working diagnosis of tuberculous lymph- 
adenitis was made, and a biopsy specimen was removed on June 15. 

Pathologic examination of this tissue showed papillary carcinoma of the 
thyroid. On July 15 the patient was operated on, and a left subtotal lobectomy 
of the thyroid and radical neck dissection on the left side, including the jugular 
vein, were carried out. At this time the larger lateral mass was found to be 
attached to the outside of the left lobe of the thyroid. The smaller nodule, above 
the clavicle, was separate. 


Fig. 5 (case 3)—Photograph of E. F., taken in the interval between the 
recurrences of 1931 and 1938. 


After operation, from July to October, the patient received 3,300 roentgen 
units directed to the left side of the neck, and from Dec. 2 to June 12, 1928 she 
received an additional 2,200 roentgens. Before the radical operation was carried 
out, in July 1927, a complete roentgen study of the skull and long bones had 
shown no metastatic lesions. The patient was followed closely and remained well 
until December 1931, when a small, tender nodule appeared in the left side of 
the neck, under the middle of the scar. This disappeared after a course of 
roentgen therapy, in which she received 1,400 roentgens per field. A photograph 
(fig. 5) taken at this time showed no masses, and examination demonstrated 
a soft, pliable scar. 

In April 1937 she was treated for acute disease of the gallbladder, and in 
eight months of dietary treatment she lost 28 pounds (12.7 Kg.). 
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In May 1938 Horner’s syndrome developed on the left. This was felt to be 
due to involvement of the cervical portion of the sympathetic nervous system 
by recurrent carcinoma. At this time some indefinite induration could be felt 
in the subcutaneous tissues of the left side of the neck. She was given a course 
of roentgen therapy during August 1938. The treatment was applied to three 
fields, anterior, posterior and lateral, on the left side, and she received 1,375 
roentgens per field. The induration disappeared and Horner’s syndrome decreased, 
apparently as a result of this therapy. 

Suddenly, in September 1938, cough, dyspnea, cyanosis and fever developed. 
These increased in intensity, and the patient died three days later, September 14. 

An autopsy was performed, with the following results: No masses were 
palpable in the neck. The entire laryngeal region was observed to be bound 
down by old, dense fibrous tissues. The larynx was removed with extreme 
difficulty, and on its anterior aspect one observed only a small amount of muscle 
tissue and no thyroid tissue. The right lung was slightly collapsed; the left lung 
was completely collapsed by the pressure of about 2,000 cc. of amber pleural fluid. 
The visceral and parietal pleura on the left were studded with multiple nodules 
5 to 8 mm. in diameter. Similar nodules were found deep in the parenchyma of the 
lung. There was no obstruction of the bronchial tubes, and the compression of 
the lungs was apparently due to the pleural effusion. Multiple areas of broncho- 
pneumonia were present in both lungs. The remainder of the autopsy observations 
were of little interest. 

Microscopic studies showed a few areas of cellular infiltration in the scar 
tissue dissected from the larynx. The tumor tissue on the pleural surface 
(fig. 6) showed a compact cellular, undifferentiated type of growth, while that in 
the parenchyma of the lung resembled the original papillary structure of the 
tumor removed eleven years earlier. 

The pathologist stated that the clinical and autopsy observations suggested 
that the cancer cells were not completely removed but were held in abeyance 
by roentgen therapy. The factors stimulating growth after ten years are unknown. 
The first evidence of active regrowth was the Horner syndrome, which was 
probably due to pressure of the mass on the neighboring cervical portion of the 
sympathetic trunk or to actual infiltration of it by tumor. Later there developed 
an indefinite mass, never large, for there was no demonstrable enlargement at 
autopsy. 

The pulmonary and pleural metastases, judging from their miliary size, must 
have been relatively recent. The cause of death was total collapse of the left 
lung and partial collapse of the right lung due to effusion. The effusion was 
undoubtedly due to the tremendous number of pleural metastases. 


Comment.—It seems to me that this case is significant because it is 
completed by death and autopsy. It is a typical instance of aberrant 
papillary thyroid disease and, to a large extent, forms the basis for my 
determination of malignancy in these cases. In the first place, the micro- 
scopic picture (fig. 6C) differed little from that of the usual lateral 
aberrant thyroid tumor, in which one often finds few criteria of malig- 
nancy. The great bulk of the tumor showed a papillary design. In 
some areas, as in most of these tumors, there was a transition to the 
alveolar pattern, which could be seen invading the capsule and surround- 
ing the thyroid gland and the adjacent lymphoid tissue, but nowhere was 
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Fig. 6 (case 3).—Photomicrographs of tissue removed from E. F. A, pleural 
metastases (< 120); B, pleural metastases (x 500); C, original tumor (x 120); 
D, papillary pattern assumed by metastases deep in the lung (x 120). 
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there evidence of invasion of the blood vessels. The patient remained 
well for four years after resection and irradiation, and when signs of 
recurrence appeared they were meager and were promptly amenable to 
roentgen therapy. Seven years then elapsed in which she was seen fre- 
quently, and no signs of recurrence were demonstrable. Even at the 
end of this time, when Horner’s syndrome appeared, suggesting a local 
extension, there was little in the neck to show for it. Again there was a 
prompt and apparently favorable response to radiation, but it is to be 
presumed that tumor cells had perforated the left pleural apex or had 
been carried to the left lung by invasion of the blood stream at the time 
when the local invasion of the neck seemed to be responding so nicely to 
therapy. The absence of metastases in the right lung and pleura point 
to direct extension rather than to extension via the blood stream. It has 
been my experience that the papillary tumors recur locally and spread 
by extension, while the malignant adenomas, both of the Langhans type 
and the more undifferentiated patterns, spread by dissemination through 
the blood stream. 

In the pleural and pulmonary metastases there is an interesting 
demonstration of the inherent ability of these tumors to change their 
morphologic characteristics in conformity with their environment. On 
the pleural surface (fig. 6, A and B), where the tumor grew on a flat 
surface in a fluid medium, the cells were compact, undifferentiated and 


patternless, while in the substance of the lung, where pressure was 
presumably less and a nutritive stroma was present, the tumor reverted 
to its original papillary form (fig. 6 D). 

That the tumor was malignant is proved by its repeated recurrence 
and the death of the patient; that the degree of malignancy was low is 
demonstrated by the long period of survival and the equally long periods 
of apparent good health between recurrences. 


Case 4.—J. W., a white girl 16 years of age, first consulted me Sept. 24, 1930. 
Two years earlier she had noted a painless lump the size of a walnut in the left 
posterior surface of the neck. This had grown slowly until one year previously, 
when several similar lumps appeared on the left side of the neck and grew 
rapidly. Two months previously the original walnut-sized nodule had been removed 
for examination and had been diagnosed as lateral aberrant thyroid tissue. 

At the time of my examination of the patient there were three nodules under 
the left sternocleidomastoid muscle, the highest opposite the angle of the jaw 
and the largest, about 4 cm. in diameter, deep under the center of the muscle. The 
left lobe of the thyroid gland was enlarged, firm and nodular. On September 25 
she was operated on, and a partial right lobectomy and subtotal left lobectomy 
were performed. Separate masses were removed from along the anterior border 
of the left sternocleidomastoid muscle (overlying the carotid artery, under the 
angle of the left jaw). A chain of nodes extending down into the superior 
mediastinum was also removed. 

Pathologic examination of the tissue removed revealed a condition diagnosed 
as adenocarcinoma involving the left lobe of the thyroid gland and a chain of 
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lateral aberrant thyroid nodules. The smaller of these lateral nodules showed 
some peripheral lymphoid elements. One normal, uninvolved lymph node was 
found attached to the posterior surface of the largest lateral mass. 

After operation the patient received roentgen therapy from September 1939 
through January 1931, a total of 2,500 roentgen units. On March 23, 1931, one 
small nodule was present in the region of the left tonsillar lymph node, which 
gradually decreased until it was no longer palpable by May 14, 1935. The patient 
has remained well, and when she was last seen, June 15, 1938, almost eight years 
had elapsed since the operation and more than ten years since the known onset 
of the disease. 


Fig. 7 (case 4). —Photomicrographs of tissue removed from J. W. A, x 120; 
B, x 500. This picture was uniform throughout the lateral and midline nodules. 


Comment.—This is a most interesting and instructive case. There 
is no question of the lateral origin of thyroid tissue. It is probably 
justifiable to assume that the stimulus to its appearance and growth was 
to be found in an increased demand for thyroid function associated with 
adolescence. In all specimens removed the same microscopic picture was 
observed, and nowhere did this show the papilliferous pattern so com- 
monly seen in lateral aberrant thyroid tissue. As the photomicrographs 
(fig. 7) show, the solid cellular areas, typical of the Langhans pro- 
liferating adenoma, were invading apparently normal thyroid tissue, or 
apparently functional areas had appeared in the midst of ,tumor tissue. 
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A lymph node removed from behind the largest aberrant mass showed 
no involvement, while the smaller nodules showed peripheral lymphoid 
tissue, suggesting that they had been lymph nodes replaced by metastatic 
growth. Mitotic figures were rare, and no invasion of blood vessels 
was apparent. This tumor was placed in the malignant group because 
of the invasive quality of the growth in the left lobe of the thyroid, both 
grossly and microscopically, and because of microscopic invasion and 
perforation of the capsule in some of the lateral tumors. Why a nodule 


Fig. 8 (case 5).—Photographs of the patient. A and B were taken prior to 
administration of roentgen therapy; C and D, approximately two months after 
roentgen therapy. Note the decrease in bulk of all tissues leaving the lateral 
nodules, especially those on the right, relatively more prominent. 


measuring 2 cm. in diameter should become apparent in March 1931 and 
disappear without treatment in four years I do not know. It suggests 
that the lateral tumors were benign or that, if malignant, their potenti- 
alities for growth were dormant until the proper stimulus was furnished. 


Case 5.—J. O., a white man 70 years of age, was first seen in March 1932. 
He had first noticed, six years previously, a small painless lump, the size of a 
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marble, in the right side of the neck, 1 inch (2.5 cm.) below the 1 

jaw and anterior to the sternocleidomastoid muscle. This grew a . va 
steadily. At times, especially in summer, it seemed to be smaller be Pa - 
disappeared. The lump seemed to enlarge with winter colds and >a ; a 
was large enough to give a sensation of pressure under the skin On By 
previously a similar lump had appeared on the right side and had ito od “4 
During the past year a number of lumps, above and below those econ a 
appeared. Eight months previously a hard, irregular mass 2 to 3 cm ae * 
had appeared in the left submaxillary region and had grown aie a + 
filled the entire neck. This mass was purplish. There was no pain or nt Pe " 
Two months previously the patient had noticed hoarseness, a change in aati, 


: Fig. 9 (case 5).—Photemicrographs of tissue removed from J. O. A, biopsy 
pecimen showing papillary carcinoma (x 120). B, tissue removed at operation 


after roentgen thera 4 
tissue. py (X 45), showing the seminecrotic appearance of the treated 


= a sense of pressure in the neck. Difficulty in swallowing, pressure in the 
; oulder and occasional occipital headache had been present Pe the past month. 
local physician had attempted aspiration and obtained only 
jus ‘ the appearance of the masses when the patient 
eee oe y me. In . ese photographs one can see a separate nodule under 
e€ ~~ jaw, and others were palpable in both lateral triangles of the neck. 
tae ; reg done on March 27 showed papillary carcinoma in a lymph node 
Roentgen treatments were given from March 29 to April 12. A dose of 1,225 
roentgen units was given to each field, anterior and posterior 800 roentgen units 
at one sitting being equal to 1 skin erythema dose. The patient entered my hospital 
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again on June 7, at which time a slough had occurred (fig. 8C and D). On June 
9 the anterior half of the sloughing mass was removed surgically, and on June 
15 the neck was dissected, most of the remaining malignant tissue being removed. 
At this operation 18 millicuries of radium in seeds was inserted in the irremovable 
portions of the tumor. At the time of operation tumor tissue was found invading 
the apex of the left pleural cavity, and the pleura was torn, permitting entrance 
of a small amount of air. 

Pathologic examination revealed papillary carcinoma, showing the necrosing 
effect of roentgen therapy (fig. 9B). 

The patient left the hospital in three weeks and returned to his home, where he 
died on August 8. Autopsy revealed empyema of the left side of the chest as 
the cause of death. No recognizable cancer was observed at autopsy in tissues 
from the neck. Necrotic tissue was present, extending from the neck into the 
mediastinum. 


Comment.—There seems to be little question that this process was 
originally extrinsic to the thyroid gland. It is also likely that a similar 
growth appeared shortly in the gland itself and that both were of a low 
grade of malignancy from the onset. The tumor was apparently mark- 
edly sensitive to radiation (figs. 8 and 9). Although no tumor tissue 
was observed at autopsy, which was performed at the county hospital, it 
is hardly conceivable that there were no viable tumor cells in the necrotic 
tissue extending from the hyoid bone to the mediastinum and that the 
patient would not have suffered later from a recurrence. 

Since treating this patient I have been loath to attempt extensive 
preoperative roentgen irradiation because of the danger of sloughing of 
the skin secondary to necrosis of a large underlying tumor. The patient 
in this case, like the one in case 3, might have survived for years after 
a radical removal of the tumors and postoperative irradiation had not the 
empyema supervened. 


Case 6.—J. R. E., a white boy 8 years and 10 months of age, entered the 
hospital July 15, 1931 with a complaint of difficulty in breathing while swallowing 
and some dysphagia for two or three years. He was always warm, even when others 
were cold. He had been nervous and irritable the past year as compared to 
former years. Swelling of the glands on the right side of his neck had been noted 
by his mother for one day a year previously and had been thought to be mumps. 

In December 1930 an enlargement of the thyroid was noted by his grand- 
mother. This had not changed up to the time of examination, according to his 
mother’s occasional measurements. 

Physical examination on admission showed that the thyroid gland was about 
three times the normal size. It was larger on the left and, though not adherent 
to the skin, was apparently fixed to the deep structures. At the upper left pole 
was a nodule the size of a pecan, attached to the body of the lobe by a slender 
connection. The gland was firm throughout and was nodular. There was no 
apparent substerhal extension. All lymph chains in the meck showed enlarged 
glands from pea to walnut size, firm and discrete, but in a continuous chain. 
The sternocleidomastoid muscle bulged laterally because of underlying nodes. 

At this time the basal metabolism rate was + 47 and + 42 per cent. Roentgen 
study of the chest showed diffuse mottling of the lung fields. The patient was 
given roentgen therapy every three weeks from July 1931 to January 1932. 
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On his reentry into the hospital, on June 6, physical examination showed 
essentially no change. At operation, on June 9, a stony hard area was found in 
the left lobe of the thyroid gland, which appeared to be invading the trachea, 
The left lobe and isthmus of the gland were resected, including a chain of 
aberrant nodes extending along the left neurovascular bundle. The operative 
diagnosis was carcinoma. 

Pathologic examination showed a uniform picture (fig. 10). 

The patient had a stormy postoperative convalescence, the temperature rising to 
39.2 C. (103.1 F.) on one occasion. 

Roentgenograms of the chest taken September 17 showed that the lung fields 
were uniformly mottled from apexes to bases. These pictures when compared 


Fig. 10 (case 6).—Photomicrograph (x 120) of tissue removed from J. R. E. 
This is a typical picture of the Langhans proliferating goiter and was present 
in all specimens from the thyroid gland and the lateral aberrant chain. 


with those of 1931 and June 1932 showed that the mottling was slightly greater. 
The roentgenologist concluded that such a picture could be produced equally well by 
miliary tuberculosis or miliary carcinomatosis. In either case, the clinical develop- 
ment seemed to be extremely slow. 

On December 27 the boy appeared to be perfectly well and free of symptoms. 
The basal metabolic rate was + 16.5 per cent. The von Pirquet reaction was 
negative for human and bovine tuberculosis. The roentgen findings were essen- 
tially the same as of the last examination. The roentgenologist stated that the 
lack of progression in the process would seem to point to diffuse fibrosis, possibly 
on a tuberculous basis, although carcinoma could still not be ruled out. 
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Roentgen examination on April 12, 1933 showed the lesions in the lungs to be 
slightly larger, and on August 16 a further increase in size of the nodules, especially 
at the base of the right lung, was noted. On Jan. 16, 1934, the basal metabolic 
rate was + 13.5 per cent, and roentgen examination showed the lungs much the 
same as at the last examination. A calcified gland could be seen to the left of 
the thyroid cartilage, which suggested an old tuberculous lesion. On September 
2 the basal metabolic rate was + 2 per cent, and roentgen examination showed no 
change. The von Pirquet reactions were still negative, and the boy appeared to 
be in excellent health. 

He remained well until June 15, 1936, when he entered the hospital with a 
complaint of malaise, fatigue, anorexia and night sweats of four weeks’ duration. 
He had had a fever for two weeks. At this time his reaction to tuberculin was 
4 plus in twenty-four hours for human and bovine antigens. A guinea pig test 
and a stain for acid-fast bacilli gave negative results. Not enough change could 
be seen in the thoracic film to make sure that it was different from the last 
examination. His symptoms subsided promptly on rest. 

In March 1937 the basal metabolic rate was + 63 per cent. Roentgen examina- 
tion of the chest showed no essential change. Cutaneous tests for coccidioides 
gave negative results. 

On August 23 the basal metabolic rate was + 8 per cent, and roentgen examina- 
tion showed the nodules in the lungs apparently no larger than the proportionate 
increase in size of the patient would warrant. 

On July 6, 1938 the boy was healthy and apparently normal. Roentgen 
examination showed no change in the pulmonary condition. 

At the time of his last examination, on July 31, 1939, the thoracic film was 
unchanged (fig. 11), the basal metabolic rate was — 10 per cent and nodules could 
be palpated along both sternocleidomastoid muscles. 

Biopsy of material from a palpable node in the left side of the neck showed 
no tumor tissue or tuberculosis. 


Comment.—This case has many interesting and contradictory fea- 
tures. In the first place, a toxic nodular goiter giving rise to a basal 
metabolic rate of + 50 per cent is very rare in an adult and unique, in 
my experience, in an 8 year old child. Roentgenograms of the chest 
showed a diffuse mottling one year before the operation, and this con- 
dition progressed slowly up to 1934, two years after the operation. 
During all this period his reactions to tuberculin remained negative. In 
January 1934 calcification was noted by roentgen study in the recurrent 
or persistent nodules in the neck, with a still negative reaction to tuber- 
culin in September of that year. Suddenly, in June 1936, with fever 
and symptoms of tuberculosis, the child gave strongly positive reactions 
to human and bovine tuberculin, but there were no progressive changes 
in the lungs. If the roentgen findings were due to miliary carcinoma- 
tosis, the condition should have continued to progress; if they were due 
to tuberculosis they should have flared up with the acute infection. The 
fact that the lesions in the chest have remained dormant or progressed 
very slowly is still not proof against their malignant nature, as Kennedy * 


4, Kennedy, R. L. J.: Carcinoma of the Thyroid Gland in Children, J. Pediat. 
7:631-650, 1935; personal communication to the author. 
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reported a case in which a patient 10 years old survived seven years 
after the first roentgenograms showed pulmonary metastases. Through 
a personal communication it was learned that this patient finally died, 
ten years after roentgen evidence of pulmonary metastases was first 
shown. Except for the microscopic picture this case and Kennedy’s 
are almost identical, even to the appearance of calcification in the 
cervical nodes. 

The microscopic pattern of the tumors (fig. 10) in this case was 
that of the Langhans proliferating adenoma and nowhere showed the 
papillary design. This type of growth, when seen in adults, is prone to 
spread by invasion of the blood vessels. I have considered this tumor 


Fig. 11 (case 6).—Films of the chest taken July 31, 1939. The diffuse mottling 
present has progressed only slightly since its discovery in 1931. 


malignant because of the tracheal invasion found at operation, the micro- 
scopic invasion of the thyroid tissue and capsule in both thyroid and 
lateral tumors and, finally, what I feel to be metastases to the lungs. 
Despite this last finding, the degree of malignancy must be low to have 
permitted survival for eight years and apparently continued health of 
the patient up to the present time. 


Case 7.—-I. H., a white woman 43 years of age, was first seen Oct. 29, 1929. 
She stated that two weeks after the birth of a child on July 12, 1927, she first 
noticed a lump on the right side of the neck, which steadily increased to twice 
the original size. She felt an occasional dull pain in the mass, and it was tender 
on pressure. She had a grating sensation in her ear when the mass was palpated. 
With her pregnancy she lost in weight from 200 pounds (90.7 Kg.) to 170 pounds 
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(77.1 Kg.) and had remained the same since. Nervousness and irritability had 
been present for one year and menorrhagia for the past six months. 

Physical examination revealed a large lobulated mass under the upper end of 
the right sternocleidomastoid muscle, four isolated nodules lateral to its lower end 
and a nodular enlargement of the right lobe of the thyroid gland. The preoperative 
diagnosis lay between branchial cysts and adenomas of the thyroid gland with 
tumors of lateral aberrant thyroid tissue. 

At operation, Oct. 30, 1929, a diagnosis of malignant tumor was made. Multiple 
nodules were removed from the right lobe of the thyroid gland, and one large and 
a number of small partly cystic nodules were removed from the area of the carotid 
sheath. On pathologic examination all showed the same picture, which was diag- 


Fig. 12 (case 7)—Photomicrograph (x45) of a specimen removed from 
I. H. This papillary pattern was present in all nodules. 


nosed as papillary adenocarcinoma with metastases to the regional lymph nodes. 
Postoperatively the patient received roentgen therapy, 3,000 roentgen units to the 
neck in weekly treatments from Dec. 5, 1929, to June 4, 1930. She had had no 
signs of recurrence up to May 29, 1939. 


Comment.—This is apparently a typical instance of lateral aberrant 
thyroid tumors with a similar type of growth located in the thyroid 
gland. I cannot agree with the pathologic diagnosis, which called the 
lateral tumors metastases in the neighboring lymph nodes, but think 
the process originated laterally and medially at about the same time, 
probably owing to the endocrine demands of pregnancy. The micro- 
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scopic picture is typical of the papillary cystadenoma so frequently seen 
in lateral cervical deposits (fig. 12). The tumor has been placed in the 
malignant group because areas of invasion of the blood vessels and of 
the capsule were seen on microscopic examination. The tumor was of a 
very low grade of malignancy, as was shown by its almost pure papillary 


form and the ten year period of freedom from recurrence after excision 
and roentgen therapy. 


Case 8.—A. S., a white man 21 years of age, was first seen on March 30, 
1936. He stated that he had been well till one year previously, when he had 
noticed a soft, nontender mass lateral to the outer border of the lower end of the 


7 p | 
Fig. 13 (case 8).—Photomicrograph (x 120) of tissue removed from A. S. 


Thyroid alveoli are seen in a stroma of lymphoid tissue embedded in the wall of 
the cystic mass. 


right sternocleidomastoid muscle. No symptoms were evident. Two months previ- 
ously the first mass had begun to grow, and a second had appeared medial to it. 
During this time he had noticed slight discomfort in the region, but no actual 
pain. Three weeks before consulting me he had definite pain, tenderness and stiff- 
ness extending up toward the ear after a hard day’s work. This disappeared the 
following day. He had consulted his local physician a week previously. 
Physical examination on the day of his first visit showed a mass 4 by 4 cm, 
which appeared to be a thick-walled cyst, questionably fluctuant, with an extension 
beneath the sternocleidomastoid muscle, toward the midline. There was no motion 
of the mass with swallowing. The thyroid was not palpable. 
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At operation, on March 31, a lateral cystic tumor with a medial extension 
was found lying beneath the sternocleidomastoid muscle, anterior to the carotid 
sheath. Nowhere was the tumor in contact with the thyroid gland, being separated 
from it by the ribbon muscles. It was easily removed and not adherent or infil- 
trating. It was considered at operation to be a benign papillary adenoma. 

On pathologic examination the mass was seen to be grossly an empty sac 
8 by 6 cm. in diameter, covered by a smooth capsule. Microscopic examination 
showed epithelium extending into the cyst wall. In one area a lymph node showed 
a few isolated acini buried deep in the substance of the node. Difference of opinion 
as to the presence of malignancy was expressed by a number of pathologists who 
examined the specimen, The microscopic sections are shown in figure 13. 

Because of the indications of malignancy, postoperative roentgen therapy (2,500 
roentgen units) was given to two fields from March 31 to April 14. 

The patient had remained well without signs of recurrence up to April 1, 1939. 


Comment.—This was an aberrant thyroid tissue tumor of fairly short 
duration which suddenly began to increase rapidly in size. The cystic 
form would have led one to expect the common papillary cystadenoma 
pattern. Instead, one found what presumably was a cystic condition 
brought about by rapid secretion of material by numerous alveolar struc- 
tures embedded in a loose fibrous and lymphoid stroma. There was no 
tendency to papilla formation. This tumor has been deemed malignant 
because the microscopic picture was so typical of adenocarcinoma meta- 
static in lymph nodes. There is, however, always a danger of error in 
basing a diagnosis of malignancy on microscopic criteria alone in tumors 
of thyroid origin. 


Case 9.—J. H. M., a white man 45 years of age, entered the hospital, in the 
medical service, on July 5, 1921, with a complaint of dysentery and weakness. 
He had a past history of syphilitic infection, inadequately treated, at the age of 
24. On the present examination the Wassermann reaction was 3 plus. He had 
lost 20 pounds (9 Kg.) during his present illness. 

He had had masses in his neck for the past fifteen years. These had grown 
slowly up to six years previously, since when they had apparently remained 
stationary, 

Physical examination showed three separate tumor masses, unconnected with 
each other. One occupied the right lobe of the thyroid and moved with swallow- 
ing. It was a firm, single mass but apparently was not adherent to surrounding 
tissues. The lateral masses were separate from the central mass and were located 
above the right clavicle, the larger being 8 by 4 cm., roughly egg shaped, soft 
and freely movable. There was a small nodule of the same consistency just 
above it. 

These masses remained unchanged by three weeks of intensive antisyphilitic 
therapy. Gastrointestinal roentgenograms were normal. 

At operation, on July 22, what appeared to be an adenoma was shelled out of 
the right lobe of the thyroid gland. It measured 6 cm. in diameter. Separate 
masses, one 6 em. in diameter, spherical, and one 1.5 by 2 cm. in diameter, were 
removed from above the right clavicle. There were no signs of infiltration; there 
was no connection between the median and the lateral nodules. 
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Fig. 14 (case 9).—Photomicrographs of specimens removed from J. H. M. 
A, adenocarcinoma as shown in median and lateral specimens (x 120); B, inva- 
sion of the blood vessels (x 45) ; C, invasion of the blood vessels (X 120). 
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Although a pathologic examination was made, no diagnosis was reported, 

The patient was known to be well one year later but died of gastric hemorrhage 
in another hospital July 8, 1924, three years after the operation. Autopsy was not 
performed. 


Comment.—Clinically this was a typical case of aberrant thyroid 
tumor with a similar tumor in the thyroid gland. The condition was so 
diagnosed in the clinical history, When the pathologic material was 
reviewed, no sign of papillary pattern was discovered. The nodule from 
the thyroid and the lateral nodules showed the same picture (fig. 14 A). 
The remarkable feature common to all the specimens was massive inva- 
sion of many of the large blood vessels by tumor tissue (fig. 14, B 
and C). Although apparently none of the tumors had invaded or pene- 
trated their capsules, each showed penetration of the blood vessels and 
tumor thrombosis. This is common in malignant adenomas but rare 
in tumors of lateral aberrant origin. On the other hand, it is also rare 
for metastasizing malignant adenomas to show deposits in the cervical 
lymph nodes, One may therefore assume that the lateral tumors and the 
midline adenoma appeared at approximately the same time and became 
malignant at approximately the same time. I feel also that it is likely 
that the hemorrhage from which the patient died was due to metastases 
in the intestinal tract and not to a bleeding ulcer, which was certainly 
not demonstrable by the roentgen studies made at the time of operation. 


Case 10.—D. N., a white woman 29 years of age, was first seen Aug. 10, 1936, 
About three years previously she had noticed, on turning her head, a lump just 
below the angle of the left jaw. This gave no trouble except an occasional ache 
in the nodule. A few months previously she had noted a similar nodule below 
the original one. Both had grown gradually, and the second one had ached a bit 
more than the first. 

On physical examination three masses were palpable under the left sterno- 
cleidomastoid muscle; the upper one, at the angle of the jaw, was 3 cm. in 
diameter, the middle one was 2 cm. in diameter and the lower one, located at the 
lower end of the muscle, was the size of a lima bean. All were deep to the 
sternocleidomastoid muscle. The upper two were tender; the lower one was not. 
None moved on swallowing, and all seemed attached to muscle. The thyroid gland 
was palpable but was not considered pathologic. 

The preoperative diagnosis was enlargement of the cervical glands, of ques- 
tionable cause. 

At operation, on August 11, two masses were removed and diagnosed as 
aberrant thyroid tissue. Other, smaller masses were seen lower in the neck but 
were not removed. Pathologic examination showed the specimen to consist of 
two well encapsulated nodular pieces of firm yellow tissue. Microscopically the 
nodules were well encapsulated and showed numerous small acini. Strands of 
fibrous tistue coursed through the section, but no pattern was maintained. Mitoses 
were rare. The pathologic diagnosis was aberrant thyroid tissue. 

The patient was seen again on Sept. 13, 1937, at which time it was noted that 
several masses seen after the first operation had grown gradually, especially the 
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one low under the sternocleidomastoid muscle, noted during the first operation, 
There were no symptoms. Physical examination revealed four nodules, three 
outside the thyroid gland and one in the isthmus. 

Operation, on September 14, consisted of removal of all lateral masses and a 
partial left thyroid lobectomy, the lobe containing a number of small nodules, 


Fig. 15 (case 10)—Photomicrograph of a specimen removed from D. N. 


A, area of capsular invasion by papillary tumor (x 45); B, area in which alveolar 
pattern predominates (x 120). 


Pathologic examination of the specimens gave the following results: Three masses 
of tissue were present and were labeled A, B and C. A consisted of several 
masses of thyroid-like tissue, two 4.5 by 2 by 1 cm.; the others 2 by 2 by 1 cm, 
all together weighing 25 Gm. The smaller pieces looked like lymph nodes. One 
of the larger pieces was encapsulated. B consisted of two small unidentified 
masses of fibroiatty tissue. C consisted of a rounded mass of brownish yellow 
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tissue, 2 cm. in diameter, which was very cellular and was attached to a smaller 
mass 1 cm, in diameter. Together the masses weighed 2 Gm. 

On microscopic examination the sections showed masses of thyroid tissue, 
irregularly formed. Most of the cells were arranged in small acini containing 
little or no colloid, but many were without such an arrangement. The smallest 
had no lumens whatever; the cells in most areas were low columnar and had a 
feathery appearance. Many large lymphoid follicles were present. One such area 
appeared to have been a lymph node but contained a considerable amount of 
thyroid tissue. No vessels were seen to contain thyroid cells. 

One section (fig. 15 4) showed extensive invasion of a thick capsule by thyroid 
tissue which assumed a papillary pattern in some areas. The cells here were 
cuboidal and had the usual small round nucleus. However, several nucleoli were 
very dark. No definite mitoses were seen. 

The pathologic diagnosis was aberrant adenomatous thyroid tissue, micro- 
scopically benign. 

By May 1939 a new nodule was noted above the inner end of the left clavicle. 
The patient entered the hospital, and this nodule was removed on August 10. 
The mass was entirely encapsulated, showed no gross signs of infiltration and 
was easily removed. On pathologic examination it showed a picture similar to 
that of the tumors removed at previous operations. There were no indications 
of invasion of the blood vessels. 


Comment.—This was a rather typical case of lateral aberrant thyroid 
disease, with papillary tumors in the thyroid gland similar to those found 
laterally. I have placed the tumor in the malignant group because of 
the high proportion of the growth in which the alveolar pattern was 
predominant and because of the extensive capsular invasion shown in 
one of the nodules described (fig. 15 4). Another reason for leaning 
toward the diagnosis of malignancy was the tendency to repeated recur- 
rence. Again it is worthy of emphasis that microscopic criteria alone 
may lead one astray in the determination of malignancy and that 
repeated recurrence does not preclude benignancy in lateral thyroid 
tumors. Still, when two such factors are present a reasonable presump- 
tion of malignancy seems justifiable. 


Case 11—C. L. B. was a white girl. Her maternal grandmother, two aunts, 
mother and father had had goiters. She was born Dec. 30, 1932, and was seen 
at two to three month intervals by her pediatrician. On Jan. 21, 1936, when she 
was 3 years and 1 month of age, the left lobe of the thyroid was noted to be the 
size of a silver dollar, and a palpable chain of distinctly enlarged cervical nodes 
was present. From June 1936 to April 1937 there was rapid growth in all nodules. 
On April 2 one of the largest, on the left side, was removed. 

Pathologic examination (fig. 16) revealed papillary adenocarcinoma of aberrant 
thyroid tissue. 

Many large nodules remained throughout the neck (fig. 17). 

From April 10 to May 13, roentgen therapy, 900 roentgen units to four 10 
cm. fields, anteriér, posterior and left and right lateral (with overlapping of 
fields), was given. She had a uniform erythema to the point of desquamation and 


internal reaction enough to cause soreness of the throat, dryness and pain on 
swallowing. 
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Fig. 16 (case 11).—Photomicrograph (x 45) of the papillary cystadenocar- 
cinoma removed from C. L. B. This picture was uniform throughout the nodule 
removed, and was probably present in the nodules not removed. 


Fig. 17 (case 11).—Appearance of C. L. B. after removal of a biopsy speci- 
men but before receiving roentgen therapy. 
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The child remained well, and the nodules decreased in size gradually till 
March 2, 1938. 

She was given thyroid substance, beginning December 15. She received 
Y, grain (0.015 Gm.) daily till November 1938, when the dose was raised to 
¥% grain (0.03 Gm.) daily. 

On June 1, 1939, two of the nodules had increased slightly in size, and the 
others had either decreased or remained stationary. The dose of thyroid was 
then increased to 1 grain (0.06 Gm.) daily and is being raised gradually to a 
tolerance dose. 


Comment.—This is the youngest patient I have seen with this con- 
dition. She was examined at regular intervals from birth by her 
pediatrician, and the first notation of disturbance of the thyroid, at the 
age of 3 years and 1 month, dates the onset definitely within two months 
of this time. The appearance of numerous nodules and their rapid 
progression in the following year suggest an unusual demand for thyroid 
secretion as the underlying stimulus. At the time operation was decided 
on, involvement of the neck was so general as to make an attempt at 
complete excision too formidable a procedure (fig. 17). The material 
obtained by biopsy showed a uniform papillary cystadenoma type of 
growth (fig. 16). No mitotic figures were evident, and invasion of the 
blood vessels could not be demonstrated, but the tumor capsule was 
found to be invaded almost to its outer surface by finger-like protrusions 
of tumor tissue showing an alveolar pattern. Because of this the process 
was considered malignant. Here again the criteria of malignancy were 
meager and were based on microscopic observations alone. 

The tumors were carefully measured and diagramed before roent- 
gen therapy was given, and there was apparent a fairly uniform decrease 
in the size of these over a period of months. During this time, however, 
some other nodules, not previously noted, appeared, and on the last 
examination, two years after removal of biopsy material and irradiation, 
there was a slight increase in size of a number of tumors. Dunhill * has 
reported 2 cases of tumors originating in children aged 5 and 9 years 
which recurred repeatedly despite multiple excisions and irradiation and 
which disappeared on administration of fairly large amounts of thyroid 
substance. Although he did not deny the existence of malignancy in 
these tumors, he suggested that lateral aberrant thyroid tissue, because 
of its probably different embryonic origin, responds to the stimulus of 
secretory deficiency in a different way from the midline thyroid, becom- 
ing papilliferous rather than hyperplastic. The child in my case is being 
given increasing doses of thyroid substance at present, and the results 
are being clusely observed. 


5. Dunhill, T.: The Surgery of the Thyroid Gland, Tr. M. Soc. London 
60:234-282 1937. 
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Fig. 18 (case 12).—Photomicrographs of the specimen removed from C. P. 


A, one of the few areas showing the papillary design (x 140) ; B, detail of the same 
area (x 500). 
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Case 12—C. P., a white man 30 years of age, noted a small nodule in the 
middle of the left side of the neck two and one-half years before his first visit 
to the hospital. Six months earlier he had observed growth in the first nodule 
and the appearance of other hard nodules, below the first and low in the midline. 

On Aug. 25, 1938, physical examination showed five firm nodules from 5.5 
to 2 cm. in diameter along the course of the left sternocleidomastoid muscle. 
They were not matted or adherent to surrounding tissue. The largest lay at the 
level of the hyoid bone, the others extending along the sternocleidomastoid 
muscle to the suprasternal notch. 

This patient was seen one month after biopsy and again two months later. 
The masses remaining in the neck had increased in size, and at the last examina- 
tion a new mass was noted above the left clavicle. Complete removal of the 
tumors was advised, and the patient plans to have this done at an early date. 


Comment.—From a clinical point of view, this was a typical instance 
of disease of lateral aberrant thyroid tissue. No tumors were palpable 
in the thyroid gland at the last examination. The case departs from the 
typical in the fact that the tumor was not predominantly papillary. For 
the most part it showed a picture of the Langhans proliferating ade- 
noma, with large sheets of cells of uniform type, packed together. In 
some areas a definite alveolar pattern was assumed, and the alveoli 
contained deep-staining colloid. In only one area was a true papillary 
design noted (fig. 18). 

If I am correct in placing this tumor in the class of Langhans pro- 
liferating goiter, it can be expected to recur many times and remain 
benign or of a very low degree of malignancy till the patient reaches 
the “cancer age,” at which time it may well take on the characteristics 
of an invasive growth and metastasize by way of the blood stream. 
Bircher ° showed that such tumors are malignant in children and young 
adults only in that they tend to recur many times. The same type of 
growth in patients in the fourth decade and older shows its malignancy 
by invading blood vessels and metastasizing widely. De Quervain’ sug- 
gested that the repeated recurrences seen in young persons are not true 
1ecurrences but the responses of other areas to the same stimulus which 
caused the original neoplasm. 


Case 13.—M. B., an Italian woman 42 years of age, entered the hospital on 
May 3, 1933, for biopsy of a cervical tumor. With the region under local 
anesthesia a tumor was removed from the left superior carotid triangle, just 
posterior to the hyoid bone. It was a spherical, bluish tumor resembling an 
adenoma of the thyroid, which appeared to arise from the carotid sheath and 
was firmly attached to the surrounding tissue. The tumor was torn on removal 
and seemed to have a downward extension along the carotid sheath. 


6. Bircher, E.: Beitrage zur Kropffrage; die wuchernde Struma Langhans, 
Beitr. z. klin. Chir. 139:383-420, 1927. 

7. de Quervain, F.: Zur Kenntnis der wuchernden Struma nach Langhans, 
in Verhandlungsbericht der zweiten internationalen Kropfkonferenz, August 1933, 
Berne, Verlag Hans Huber, 1935, pp. 650-675. 
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The pathologic diagnosis was adenoma of the thyroid gland, of adult pattern, 

On reentry into the hospital on June 12, 1933, the patient gave a history of 
having first noticed a painless nodule in the left side of the neck which had 
gradually increased to the present size without symptoms over a period of six 
years. The first nodule had appeared after a tonsillectomy. She had lost 10 
pounds (4.1 Kg.) in the past year. 

Physical examination revealed no abnormality except the cervical condition, 
a palpable spleen and a slightly enlarged liver. There were two scars in the 
neck, a large one below the ear resulting from excision of a furuncle in child- 
hood, the second from the recent removal of material for biopsy. A chain of 
nodules extended downward irom the angle of the jaw, along the sternocleido- 
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Fig. 19 (case 13)—Photomicrograph (x45) of the heterogeneous picture 
seen in the specimens removed from M. B. Papillary areas such as that shown 
here were extremely infrequent. 


mastoid muscle. The lowermost mass appeared to be in the upper pole of the 
thyroid gland. 

Roentgen examination showed a series of calcified nodules in the left side of 
the neck and one just below the angle of the right jaw. The tumor in the thyroid 
was also radiopaque. The roentgen diagnosis was calcifying old tuberculous 
cervical adenitis and small calcifying adenoma of the thyroid gland. 

The preoperative clinical diagnosis was nontoxic adenoma of the thyroid 
gland with lateral aberrant thyroid adenomas. 

At operation, on June 13, a small nodule, 0.5 by 1 cm., was found in the mid- 
line, incorporated in the deep cervical fascia. Frozen section showed it to be a 
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fetal type of adenoma. The left lobe of the thyroid gland was found to be 
replaced by two multilocular cystic masses, the lower hugging the trachea pos- 
teriorly and measuring 3 by 5 cm. The upper nodule was one and one-half 
times the size of a normal lobe of the thyroid gland. Both were friable, vascular 
and filled with black fluid. The right side of the neck was normal. Three other 
masses were removed from behind the left sternocleidomastoid muscle, one, 3 by 
3 cm., through the thyroidectomy wound and two others through a postmandibular 
incision. Postoperatively the left vocal cord was found to be paralyzed. 

At pathologic examination the tissue was diagnosed as multiple large and 
small thyroid adenomas of adult pattern (fig. 19). 

One nodule remained, under the auricle of the leit ear. This increased in‘ size, 
and the patient reentered the hospital December 4, at which time this mass was 
removed and diagnosed by pathologic examination as aberrant thyroid tissue 
showing scarring, calcification and an approach to ossification. The patient had 
gained 11 pounds (5 Kg.) since the last operation. 

On Nov. 21, 1934, a small nodule was noted above the left clavicle, which 
remained apparently unchanged till June 24, 1936. The patient was not seen 
after this date until Aug. 30, 1939, at which time she had menopausal symptoms 
and a mechanical disturbance of the lower part of the back, but the mass above 
the left clavicle had not changed in size or appearance and was symptomless. 


Comment.—This apparently was a rather typical case of aberrant 
thyroid disease. The association of lateral masses with similar tumors 
in the thyroid gland is not unusual. Despite the persistence or repeated 
recurrences of the disease, I have placed the growth in the group of 
benign tumors because of the lack of indications of malignancy in the 
microscopic picture and because the complete encapsulation of all the 
tumors denied a tendency to infiltration of surrounding tissues. I feel 
that the existing mass above the leit clavicle should be removed as 
a prophylactic measure, in spite of its apparent dormancy. There is 
still a threat of malignancy in the whole situation which could be 
expressed in beginning growth and infiltration of the existing mass 
or the appearance and growth of other masses. 


Case 14—J. W. C., a 68 year old white man, first consulted me on Aug. 
6, 1933. He had a goiter of at least twenty years’ duration, which had gradually 
enlarged to its present size without symptoms. His father had had a goiter for 
many years when he died at the age of 88 from an accident. His mother had 
died after an operation on the breast, presumably for cancer. The remainder of 
his family history was not pertinent. 

At operation, on Aug. 7, 1933, a large, solid, fairly soft tumor was removed 
from the left lobe of the thyroid. There was a calcified posterior shell to this 
tumor. The pathologic diagnosis made was beginning degeneration in large 
and small adenomas of fetal type. For the most part the picture (fig. 20 A) 
showed a rather compact cellular design, such as is commonly seen in fetal 
thyroid glands, with a few alveoli which did not contain stainable colloid. 

The patient was seen again July 23, complaining of a mass in the left side of 
the neck. This nodule, under the lobe of the left ear, had appeared recently. It 
was a freely mobile tumor mass 3 cm. in diameter. After administration of 
compound solution of iodine for a few weeks it seemed to decrease to about half 
its former size. When iodine was discontinued it again enlarged. 
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By May 1935 operative removal was advised because the tumor had continued 
to grow. At this time physical examination gave negative results except for a 
firm, smooth, spherical, freely movable mass lateral to the left sternocleidomastoid 
muscle, just below the angle of the jaw. The preoperative diagnosis was lateral 
aberrant thyroid, and on May 3 the growth was removed. At this operation a 
semicystic mass 5 cm. in diameter was excised through an incision which split 
the fibers of the sternocleidomastoid muscle near its midportion. The capsule 
of the tumor was torn during removal, and polypoid tissue was expressed. The 


Fig. 20 (case 14).—Photomicrographs of specimens removed from J. W. C. 
A, section of the original tumor of the thyroid gland (x 120); B, section from a 
lateral nodule removed two years later (x 120). Note the similarity in pattern 
and the absence of the papillary design. 


pedicle was apparently attached to the prevertebral fascia, but there were no 
signs of infiltration past the capsule. The microscopic picture (fig. 20B) was 
similar to that of the original tumor of the thyroid removed two years earlier. 

Follow-ups of this patient revealed no ill health and no recurrence of tumors 
of which the patient was aware. However, in connection with this study he was 
examined on July 27, 1939, and a small, bosselated mass was found, totaling 
in bulk the size of a lima bean, hard and attached deeply under the left sterno- 
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cleidomastoid muscle at the site of the former aberrant thyroid tumor. The 
patient was unaware of its existence. The thyroid area showed no signs of recur- 
rent tumor. Whether this represents scar tissue or a new nodule of tumor which 
will continue to grow cannot now be ascertained. There is no note of its having 
been present on previous examination. 


Comment.—This is an instance of the development of a lateral 
aberrant thyroid tumor one year after removal of a large, benign, non- 
papillary nodular goiter. Its development would suggest a response of a 
laterally placed embryonic rest to the physiologic demand for thyroid 
secretion. The apparent decrease in size of the tumor on administration 
of iodine is interesting, as no such effect is to be anticipated with either 
papillary or fetal adenomas of the thyroid gland proper. The tumor 
was placed in the benign group because of the lack of microscopic or 
gross evidence of malignancy, but the appearance of the recent nodule 
again raises the question of malignancy. 


Case 15.—R. B., a white woman 35 years of age, was first seen on May 11, 
1929. She complained of a small single lump in the left side of the neck, noted 
eight months previously. On examination this was found to be a single spherical 
nodule 2.5 cm. in diameter, apparently not attached to or- infiltrating surrounding 
tissue. Observation was advised. 

The patient was seen again on March 29, 1934. The mass had increased to 
7.5 by 3 cm. in size and was palpable under the anterior border of the sterno- 
cleidomastoid muscle, at the level of the hyoid bone. The mass was freely movable 
upward but less so downward. The thyroid gland appeared normal. 

Operation was performed on June 17, 1934, with the region under local anes- 
thesia. A single semicystic mass lying on the carotid sheath was removed, together 
with a neighboring lymph node. The mass was completely encapsulated, with 
no signs of infiltration. 

The pathologic diagnosis was benign papillary adenoma of aberrant thyroid 
tissue. The lymph node showed no tumor tissue. 


The patient was seen in June 1939 and was entirely well, without evidence 
of recurrence. 


Comment.—This was a typical instance of papillary cystadenoma of 
lateral aberrant thyroid tissue except for the fact that the tumor was 
solitary instead of multiple. If the picture had been exclusively that 
of figure 21 A, the condition might be thought to have been caused by 
metastatic deposits of papillary adenocarcinoma in a cervical lymph node. 
The gross findings and the microscopic pattern shown in figure 21 B, 
however, lead one to the diagnosis of benign tumor. The fact that for 
five years the patient has been free from recurrence or the appearance 
of other tumors lends weight to the diagnosis of a benign condition. 


CRITERIA OF MALIGNANCY 
The most difficult problem in connection with tumors of lateral 
aberrant thyroid tissue is the determination of malignancy. This is true 
also of thyroid tumors in general, and the same criteria have been 
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Fig. 21 (case 15).—Photomicrographs of specimen removed from R. B. 
(x 120). A, section from the capsule of the nodule in which tumor cells can 
be seen in alveolar formation and in patternless sheets embedded in a lymphoid 


stroma; B, papillary pattern typical of that part of the tumor which protruded 
into the lumen of the cyst. 
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applied to both classes of tumors.* In the papillary tumors there is 
little to indicate that one is malignant and another benign. Moritz and 
Bayless,’ determined malignancy by the presence of invasive qualities 
in the growth. If microscopic evidence of invasion of the capsule, blood 
vessels or lymph nodes was present, the tumor was considered malignant. 
Regional or distant metastases were considered gross evidence of malig- 
nancy. I have also used these findings as diagnostic signs of malignancy. 
It must be emphasized, however, that multiple lateral tumors, whether 
accompanied by similar tumors in the thyroid gland or not, do not con- 
stitute evidence of malignancy per se and that the presence of lymphoid 
elements in lateral tumors does not necessarily indicate that they are 
metastases to lymph nodes. 


POSSIBLE CAUSE OF THE DEVELOPMENT OF LATERAL TUMORS 


Speculation on the cause of malignant tumors in general leads to the 
conclusion that the malignant cell is a bad brother of the benign cell 
of the same organ in which the tumor arises. The malignant cell has 
gone out of control, and, after it has been so for a few generations, it 
acquires certain characteristics which help to distinguish it. These char- 
acteristics become known to the pathologist and help him to discriminate 
between the malignant and the benign cells in tumors of every organ and 
part of the body. In neoplasms of the thyroid gland this differentiation 
of malignant and benign cells is particularly difficult—so difficult, in 
fact, that most observers require more than miscroscopic evidence of 
malignancy before classifying thyroid tumors as malignant. It has been 
said by Wegelin,’® Graham “ and others that a distinction between non- 
malignancy and malignancy cannot be made from the character of the 
cells, the mitoses, the structure of the alveoli or the complete absence of 
acinar formation. Many of the changes which would bespeak malig- 
nancy in other organs are seen in the thyroid as a response to stimulation 
of the gland to greater activity. Broders** emphasized this by calling 


8. Ward, R.: Prognosis of Malignant Goiter in Relation to the Pathologic 
tTypes, West. J. Surg. 47:437-448, 1939. 

9. Moritz, A. R., and Bayless, F.: Papilliferous Tumors of the Thyroid 
Gland and of Aberrant Thyroid Tissue, Am. J. Path. 7:675-689, 1931; Lateral 
Cervical Tumors of Aberrant Thyroid Tissue, Arch. Surg. 24:1028-1043 (June) 
1932. 

10. Wegelin, C.: Malignant Disease of the Thyroid Gland and Its Relationship 
to Goiter in Man and Animals, Cancer Rev. 3:297-313, 1928. 

ll. Graham, A.: Malignant Epithelial Tumors of the Thyroid, Surg., Gynec. 
& Obst. $9:781-790, 1924; Malignant Tumors of the Thyroid: Epithelial Types, 
Ann. Surg. 82:30-41, 1925. 

12. Broders, A. C.: Regenerative Hyperplasia in Exophthalmic Goiter: A 
Condition Simulating Carcinoma, Virginia M. Monthly 56:453-456, 1929. 
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attention to a number of cases in which regenerative hyperplasia showed 
such a great resemblance to carcinoma that a distinction between the 
two on purely microscopic grounds was almost impossible. The response 
to stimulation is shown in the thyroid gland by hyperplasia, formation 
of new alveoli lined by active cells and containing little visible colloid, 
piling up of epithelium of the acini and, in extreme cases, formation of 
definite papilliferous outgrowths into the acinar lumen. The dividing 
line between benign and malignant tumors of papillary structure is not 
sharp, and there is little evidence to show that this change from benig- 
nancy to malignancy is not a reversible process. Marine and Lenhart * 
pointed out that goiters which develop in brook trout as a result of 
overcrowding will infiltrate muscles, bones and other tissues, even 
extending to the gills, and that these tumors regress and disappear when 
the conditions leading to their appearance are withdrawn. Gaylord and 
Marsh ** demonstrated occasional metastasis from these tumors. It is 
true that the thyroid gland in this fish is not encapsulated, and Marine 
and Lenhart ** concluded that this infiltrative disease is not a true malig- 
nant tumor but a hyperplastic response to stimulation which disappears 
when the stimulus is removed. They further noted, however, that 
some of the fish had true papillary tumors which did not disappear with 
resolution of the accompanying hyperplasia. In the first instances the 
process was reversible and disappeared with removal of the inciting 
cause, while in the latter tumors, of papillary design, there was no 
response to the administration of iodine, and the goiters were considered 
by these investigators to be true benign neoplasms. The process had 
reached an irreversible stage. 

There is considerable difference of opinion as to the origin of lateral 
aberrant thyroid nodules. Weller *® recently reported studies on human 
embryos which suggest strongly that the lateral anlages, which have their 
analogy in the ultimobranchial bodies of lower mammals, play an impor- 
tant part in the formation of the thyroid gland in man and that a lack of 
proper development and fusion with the midline anlage may be responsible 
for thyroid deficiency in children. d’Abreu ** gave further evidence of 
the lateral origin of the lobes of the thyroid gland by reporting a case 
of tumor of a lateral aberrant thyroid tissue in which papillary thyroid 
tissue was associated with a branchiogenic cyst lined by columnar ciliated 


13. Marine, D., and Lenhart, C. H.: Further Observations and Experiments 
on the So-Called Carcinoma of the Brook-Trout, J. Exper. Med. 13:455-475, 1911. 

14. Gaylord, H. R., and Marsh, M. C.: Carcinoma of the Thyroid in Salmonoid 
Fishes, Bulletin 32, United States Department of Commerce, Bureau of Fisheries, 
1914. 

15. Weller, G. L., Jr.: Incomplete Embryologic Development of the Thyroid 
as a Factor in Infantile Myxedema, Tr. Third Internat. Goiter Conf. & Am. A. 
Study Goiter, 1938, pp. 110-113. 


16. d’Abreu, A. L.: Significance of Lateral Aberrant Thyroids, Lancet 2:1406- 
1408, 1935. 
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epithelium. It does not seem unreasonable to assume that this tissue, 
having a different primordial origin, might respond to physiologic stimu- 
lation in a manner different from that of the midline thyroid. If lateral 
aberrant thyroid tissue develops from embryonal rests, as was suggested 
by Wegelin,”® its response to stimulation may be the formation of papil- | 
lary growths. If the factors causing stimulation are removed or altered 
the tumors may regress, unless they have reached an irreversible stage 
or unless the individual biologic factor resistant to cancer in the host is 
lacking. The loss of this assumed factor may explain the progression to 
malignancy in older persons, and the retention of it may account for the 
apparently benign course of many of these tumors in children. In this 
connection, Dunhill’s report ® of complete disappearance of recurrent 
lateral tumors in 2 children on administration of large doses of thyroid 
substance is interesting. It would encourage one to hope that the 
progression toward malignancy might well be averted in one of two 
ways at different times of life. If supplying thyroid substance by mouth 
will eliminate the stimulus to hyperplasia and papilliferous change, it 
may be all that is required in the treatment of this condition in children. 
In adults, however, the danger that an irreversible change will take place 
or has already taken place is too great to warrant less than complete 
removal of all lateral tumors and the application of radiation as a post- 
operative measure. It may be found distinctly worth while, moreover, 
to consider administration of thyroid substance to all of the adult 
patients, especially to those showing a thyroid deficiency. 

In this connection, case 90 in my series of malignant tumors of the 
midline is extremely interesting. 


The patient was a white man, 25 years of age, who consulted me first on 
June 9, 1938, complaining of a recurrent goiter which was gradually constricting 
his trachea to such an extent that he was unable to sleep in any position without 
choking, His goiter had first been noticed in 1929, at the age of 16, and had 
been removed in March 1932. He was relieved of symptoms of pressure and 
was well until August 1936; the goiter then reappeared and grew until December, 
when a second thyroidectomy was performed. At this time the surgeon felt that 
he had done an almost complete removal of all remaining tumor tissue, including 
mediastinal and retrotracheal extensions. By May of the following year, however, 
the patient was aware of recurrence and felt that the goiter had grown continu- 
ously. At the time of his visit to me he presented a classic picture of myxedema. 
He had gained 23 pounds (10 Kg.) in six months and weighed 231 pounds (104 
Kg.). He had a large, stony mass occupying the entire suprasternal and supra- 
clavicular areas. The trachea was displaced to the right, and tissue could be felt 
to extend into the superior mediastinum. The basal metabolic rate was — 32 
per cent. A diagnosis of recurrent, malignant goiter with marked hypothyroidism 
was made, and he was given thyroid substance, 2 grains (0.12 Gm.) daily for 
five weeks. On July 18, 1938, a total thyroidectomy was performed, and, after 
an uneventful convalescence, roentgen therapy was administered to the neck 
anteriorly and posteriorly from July 25 to August 16. 
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The specimen removed showed widely varied pathologic changes. Areas 
were present representing colloid goiter, diffuse hyperplasia and microfollicular 
adenoma. Finally, there was a circumscribed nodule measuring not more than 
10 mm. in diameter which showed a picture resembling that seen in malignant 
adenomas which have undergone a transformation into giant cell or polymorphic 
éell carcinoma. Figure 22 illustrates some of the pictures represented. In some 
zones there were a few mitotic figures, but not many. Invasion of blood vessels 
was not demonstrated. In many places deep in the capsule was observed what 
appeared to be nonmalignant thyroid tissue. None of these observations definitely 


Fig. 22.—Photomicrographs of specimens removed from G. S., a patient in 
another series. A, a small adenoma (x 5); B, a field within the small adenoma 
resembling polymorphic cell carcinoma (x75); C, colloid goiter (x 28); D. 
papilloma (x 75); E, a microfollicular area (x 75). 


indicates malignancy, but, taken as a whole, with the history of repeated recur- 
rence accompanied by hypothyroidism rather than hyperthyroidism, they justify 
placing this goiter in the malignant category. Whether the original goiter and 
the recurrences were brought about by a demand for increased functional activity 
of a handicapped gland and whether the process is reversible at the present 
stage remain controversial points. The patient has remained free from recurrence 
during the year that has elapsed since his last operation and during this time 
has maintained normal metabolism with from 1 to 2 grains (0.06 to 0.12 Gm.) 
of thyroid substance daily. 
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SUMMARY 


Fifteen cases of tumor of lateral aberrant thyroid tissue are reported, 
with photomicrographs showing the pathologic changes. Twelve of these 
tumors I believe to be malignant, and 3, benign. Reasons are presented 
for placing each growth tentatively in the benign or the malignant group, 
but I feel that the dividing line between benign and malignant tumors 
of thyroid tissue is so indefinite that time and the eventual clinical result 
may or may not justify my judgment. As time passes, the tendency will 
be for more tumors to fall into the malignant class, because each patient 
who succumbs to the disease will necessarily be eliminated from the 
group of those with benign tumors, while those who die of other causes 
will not necessarily be added to it. 

Following the lead of Dunhill,’” I believe it probable that tumors of 
lateral aberrant thyroid tissue may arise as a result of physiologic stimu- 
lation of misplaced embryonic rests and that elimination of the stimulus 
to their development may cause regression or even disappearance of the 
disease. The tendency toward malignant change is so great, however, 
that I recommend immediate removal of all recognizable tumors and 
recurrent growths in adults and the use of radiation after operation. 
Contrary to the opinion expressed by Crile,* I feel that roentgen therapy 
is of definite value in controlling the growth of some of the papillary 
tumors in this group, if not in causing their complete regression. 

Statistical comparison of malignant tumors of lateral aberrant thy- 
roid tissue with those arising in the thyroid gland proper shows that the 
former are found in a younger age group, that they are more equally 
distributed between the sexes and that the mortality rate is less than half 
as great. Despite the more favorable mortality rate, however, the ratio 
of recurrence is high. Only 4 of the 15 patients with either malignant or 
benign tumor have remained free of the disease after a sinyle operative 
removal. Billings and Paul ** in 1935 wrote that no deaths had been 
reported from papillary tumors arising in lateral aberrant thyroids. 
Crile * in 1939 stated that metastases had never been proved as a cause 
of death. In this series, 2 deaths from papillary tumors occurred, 1 of 
these from pulmonary metastases, and I believe that a third death was 
caused by metastases from a lateral nonpapillary tumor. In view of these 
findings, I feel that a guarded prognosis should be given in similar cases 
and that more deaths will be found in the cases reported by other inves- 
tigators if a sufficiently long period of observation is maintained. 


Members of the staff of the University of California Hospital permitted the 
study and reporting of 9 of the cases in this study. 


17. Dunhill (footnotes 2 and 5). 
18. Billings, A. E., and Paul, J. R.: Tumors of Lateral Aberrant Thyroids, 
Bull. Ayer Clin. Lab., Pennsylvania Hosp. 9:27-44, 1925. 
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PLASMOCYTOMA OF THE THYROID GLAND 


REPORT OF A CASE 


R. CUNLIFFE SHAW, M.Sc., F.R.CS. 
AND 


F. B. SMITH, M.C., M.D. 
PRESTON, ENGLAND 


In recent years increasing prominence has been given to the fairly 
frequent occurrence of plasma cell tumors of extramedullary origin. 
The commonest situation for such tumors is in the nasal and naso- 
pharyngeal mucosa and the associated cervical structures, but their 
occurrence in a number of other regions, such as the lip, jaw, scalp and 
anus, has been recorded. In the literature there appears to be no record 
of a plasmocytoma arising in the thyroid gland; consequently, the rarity 
of such a condition justifies a record of this case. The interest of the 
particular plasma cell tumor to be described is not in its mere rarity, 
however, but in the fact that it provides a clue linking the form of 
thyroid enlargement known as lymphadenoid goiter, or Riedel’s chronic 
thyroiditis, with the extramedullary plasmocytomas. 


REPORT OF CASE 


A childless married woman aged 50 first noticed a swelling in the neck, in the 
region of the thyroid gland, in January 1938. Prior to this date neither she nor 
her relatives had observed anything abnormal in her neck. There was no pain or 
other physical disturbance at the onset of her illness. The swelling slowly and 
steadily increased, and when she first was seen in the outpatient department of 
the Preston Royal Infirmary, April 1, her only complaint was of a sensation 
of choking when she lay in bed with her neck extended. 

Examination of the neck showed a swelling conforming in outline to the shape 
of the thyroid gland. It was firm to hard and moved slightly on deglutition. It 
was free from the overlying skin, which was slightly reddened and edematous, 
and it was also free from the sternocleidomastoid muscles. The pulse rate was 80. 
There was no tremor of the hands. There was no spastic retraction of the palpebral 
muscles and no exophthalmos. The pupils were normal. The mentality of the 
patient and her general demeanor were those of a normal, unemotional person. 
The basal metabolic rate was within normal limits. Syphilis and tuberculosis were 
excluded, and roentgen examination of the skeleton showed nothing abnormal 
except a slightly hazy area near the head of the right humerus. Twenty-one years 
previously the left index finger had been amputated at the Manchester Royal 
Infirmary because it had become gradually swollen (without history of injury or 
infection) and she was informed that she might lose her arm. After this local 
amputation there was no further relapse in her condition, the original record of 
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which had been lost. From the age of 36 she suffered from progressive osteo- 
arthritis in the knees and shoulder joints, and three years prior to this examination 
an arthrodesis was performed on the right knee joint. Before the goiter first 
made its appearance she had noticed that her voice failed at times, but this had 
not occurred recently. The movements of the vocal cords were normal. The 
only other ailment mentioned in her past history was nasal catarrh, for which 
she had undergone no operative treatment. There was no evidence of nasal polypi. 

On April 5 a total thyroidectomy was performed with the patient under anes- 
thesia induced with avertin with amylene hydrate, nitrogen monoxide and oxygen. 
At operation it was observed that the skin was edematous on section and that 
there was considerable matting of the superficial structures, suggesting an inflam- 
matory process. The thyroid itself was grayish white. It was uniformly enlarged 
and was firm to hard. A section made into the isthmus confirmed these appear- 
ances and strongly suggested either a neoplasm or Riedel’s thyroiditis. One point 
in the operation was particularly noteworthy, namely, the separation of the posterior 
aspect of the gland from the surface of the trachea, which gave one the impression 
of cutting through a layer of homogeneous tissue, an impression very different from 
that obtained with the usual types of goiter. We have noticed the same condition 
in sarcoma of the thyroid and in chronic thyroiditis. After the operation the 
neck healed in the normal way, but a diffuse thickening appeared under the region 
of the scar and suggested extensive and rapid cellular infiltration. High voltage 
roentgen therapy was given. The swelling disappeared, and the scar became 
supple. The neck presented a normal appearance, and this has remained up to 
the time of writing (July 1939). On reexamination (March 23, 1939) the pulse 
rate was 76. There were no signs of myxedema. The patient was mentally alert 
but not excitable. There was no abnormality in the region of the thyroid, the 
only disability being the chronic osteoarthritis. Since the thyroidectomy a main- 
tenance dose of thyroid substance has been given daily. 


Histologic Picture -—The samples received for histologic study were two portions 
of thyroid gland, measuring respectively 20 by 40 by 70 mm. and 20 by 40 by 40 
mm. The outer surface was nodular, with a thin intact capsule showing prominent 
veins. The surfaces of serial slices were uniform, firm but not hard, and faint 
yellow. They were marked by a few small hemorrhagic areas close to the capsule. 
The appearance suggested a large lymphatic node invaded by neoplasm. There 
was no resemblance to thyroid tissue. The consistency was not that observed 
in the sclerotic stage of Riedel’s chronic thyroiditis. 

Five slices were taken for histologic study, representing an area of 100 by 50 
mm.; after fixation in solution of formaldehyde U. S. P. diluted 1 to 10 with 
saline solution, paraffin sections were stained with hemalum and eosin and with 
methyl green-pyronine (Unna-Pappenheim). 

The greater part of all the sections was made up exclusively of plasma cells. 
The outline of the cells was distorted by packing but retained the typical nuclear 
design of chromatin (figs. 1 and 2). Normal lobules of thyroid gland were absent, 
but in most fields there were isolated acini, widely spaced among sheets of plasma 
cells (figs. 3 and 4). The acini lacked the features of hyperplasia. Where they 
were less packed the plasma cells showed the typical piriform, oval or circular 
outline with eccentric nuclei. 


Specific staining with methyl green-pyronine was vivid and uniform. Sclerosis 
and prominent fibrosis were absent, but there were thin interstitial septums bounding 
large areas of plasma cells and invaded by them. At a few points the septums 
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Fig. 2.—Part of the section shown in figure 1, x 550. 
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Fig. 1—Dense area of plasma cells, x 100. Fi 
@ 
e. ‘ rong 4 


= 
lant 
™ 
~ 
SS 
= 
~ 


x 100. 


Fig. 3.—Isolated thyroid acine embedded in a mass of plasma cells, 


x 550 


Fig. 4.—Part of the section shown in figure 3, 
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were infiltrated by small round cells. Mitotic nuclei of plasma cells were moderately 
plentiful; the proliferation of outlying areas suggested the low malignancy of 3 
neoplasm rather than a reaction of inflammatory cells. Three debatable lymphoid 


nodes and germ centers were seen, but these were indefinite; systems of giant cells 
were absent. 


COMMENT 


The features of this case agree with an origin of the process as 
lymphadenoid goiter and rapid growth of plasma cells into a plasmo- 
cytoma of low malignancy, indistinguishable from the lesions of the 
nasopharynx reviewed by Blacklock and Macartney. The age of 
the patient is in accord with the age incidence of complete involution and 
atrophy of the thyroid gland as indicated by Vaux.? 

Two significant points emerge from the study of the clinical, macro- 
scopic and histologic appearance of this interesting tumor: first, the 
dominance of the plasma cell and the relative paucity of lymphadenoid 
tissue; second, the resemblance of the macroscopic appearance and 
clinical history to those observed in cases of Riedel’s chronic thyroiditis. 

The preponderance of plasma cells justifies the use of the term 
plasmocytoma for the whole swelling, since microscopically the growth 
was an almost perfect example of a plasma cell tumor. On the other 
hand, there were definite considerations which led us to link the con- 
dition with Riedel’s chronic thyroiditis. 

In 1925, Shaw and Smith,’ of Newcastle upon Tyne, England, 
reviewed the literature dealing with this condition and reported in detail 
6 further cases. In all their own cases the patients were women between 
the ages of 32 and 58; the sex and age may thus be compared with those 
in the case under consideration. In cases in which operation was 
performed the glands were found to be firm and diffusely enlarged; 
they were excised with little hemorrhage. In several instances there was 
a considerable degree of adhesion between the gland and the trachea 

which caused great difficulty in the operations. In other words, the 
surgical findings were precisely similar to those encountered in the case 
under discussion. The preoperative history was also comparable, in 
that there was no evidence of thyrotoxicosis and no history of goiter. 
Also, as in our case, both syphilis and tuberculosis could be excluded. 

Turning to the histopathologic picture in their cases, one finds that 
the cellular infiltration was composed generally of masses of lymphocytes, 
plasma cells and some larger phagocytic cells, the whole being lodged in 

a delicate reticulum of collagen fibrils and young fibroblasts; most of 


1. Blacklock, J. W. S., and Macartney, C.: Plasmacytoma of Nasopharynx, 
J. Path. & Bact. 35:69, 1932. 


2. Vaux, D. M.: Lymphadenoid Goitre, J. Path. & Bact. 46:441, 1938. 


3. Shaw, A. F. B., and Smith, R. P.: Riedel’s Chronic Thyroiditis, with a 
Report of Six Cases and a Contribution to the Pathology, Brit. J. Surg. 13:93, 1925. 
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the acini were altered, the epithelial cells were enlarged, the protoplasm 
was vesiculated, the colloid had disappeared and its place was taken by 

4 mass of cells, many of which showed signs of degeneration, such as 

invasion of the cell body by phagocytes, pyknosis, crenation and 

chromatolysis of the nucleus. Here and there masses of cells were 

fused to form a giant cell. In 3 of their cases these changes were 

present and in the remaining 3 the lobular structure of the thyroid had 

disappeared and the tissue was invaded by a profuse infiltration which 

at first suggested a sarcomatous growth. There were lymphoid cells, 

plasma cells and phagocytes, and in addition there were a great number 

of large, pale, plump, irregularly shaped cells with fine processes; the 

nuclei were large and vesicular, being round, oval or lobulated, and 

mitoses were common. The authors considered that there were 
transitions between these cells and the phagocytes. Lymph follicles 
were absent; capillaries and other vessels were scanty, and fibrosis 
was negligible despite the numerous fibroblasts. The surviving glandular 
acini showed both hyperplastic and degenerative changes. In 1 case 
adipose tissue infiltrated with round cells was attached to the exterior 
of the capsule of the gland, and in another both muscle and adipose 
tissue were involved in the hyaline fibrosis that affected the capsule of 
the gland and involved the capsular blood vessels. 

These changes may be compared with those in the case under dis- 
cussion, especially those observed in the cases of thyroiditis in which 
there was absence of lymphadenoid tissue and fibrosis associated with 
hyperplasia of large plasma cells. 

The progress of the disease shows that from the early stages there 
must be a considerable functional hyperactivity of the glandular epi- 
thelium to balance the loss of secreting tissue. It is noteworthy that 
even in advanced cirrhosis of the thyroid there is absence of myxedema 
or only very slight evidence of it, which is to be explained only by the 
hyperactivity of the remnants of the gland. In our case of plasmocytoma 
none of the early signs of myxedema could be recognized prior to 
operation. With regard to the cellular stroma, an interesting point has 
been noted by Shaw and Smith;* not only were plasma cells present 
in all their cases, but they were present in much larger numbers than are 
found in lymphoid tissue, which, the authors suggested, was evidence of 
an inflammatory process. Moreover, the absence of lymph follicles in 
1 of their cases of thyroiditis they held to indicate that pathogenically 
the early stage of Riedel’s thyroiditis is not a focal lymphatic hyper- 
plasia but essentially a chronic inflammatory process. In our case there 
was an extreme paucity of lymphoid tissue and the field was dominated 
by plasma cells in all sections of the gland. It is to be noted that in Shaw 
and Smith’s case of thyroiditis in which there was absence of lymph 
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follicles there were extreme destruction of the glandular acini and diffuse 
cellular infiltration at first resembling sarcoma, a condition of cellular 
change comparable to that in our case. So far it is suggested that the 
plasmocytoma in this case arose from a gland in which a pathologic 
process had occurred which might be compared with certain types of 
Riedel’s chronic thyroiditis. The latter condition presents varying histo- 
pathologic features. The one point of distinction between this case of 
so-called plasmocytoma and those of thyroiditis recorded by Shaw and 
Smith is the exceptional prominence of the plasma cell. 

Recently (May 1938) Vaux,’ of the Royal Free Hospital, London, 
England, has reported a study of 38 cases of lymphadenoid goiter, and 
she found that there are three stages in the development of the lesion, 

In the early stage there is scattered infiltration of the gland with 
proliferating lymphocytes and plasma cells and accompanying slight 
fibrosis. At this period the acinar cells are normal or show varying 
degrees of cellular hyperplasia. 

The intermediate stage shows compression and distortion of the 
thyroid parenchyma by masses of plasma cells and lymphocytes together 
with the formation, both diffusely and in trabeculae, of fibrous tissue. 

In the third and last stage the glandular epithelium is almost com- 
pletely destroyed by fibrosis and cellular infiltration with plasma cells 
and lymphocytes. 

This author also found that the clinical course agrees with these 
pathologic stages, an early stage of thyrotoxicosis being replaced later by 
hypothyroidism. In a similar manner, there was progressive hardening 
of the gland according to the stage of the disease and determined by 
the increasing cell pack and fibrosis. Vaux ? concluded that the condition 
is due to excessive involution of the thyroid following mild hyper- 
thyroidism. Tuberculous infection, syphilis and pyogenic infection were 
excluded. She based her view of involution on the early evidence of 
thyrotoxicosis correlated with the histologic observations of decreasing 
epithelial hyperplasia and increasing destruction of acini. 

Against this view there is another aspect of chronic thyroiditis, 
namely, the diffuse extracapsular spread of the lesion into the muscles 
of the neck, involving the carotid sheath and extending downward into 
the mediastinum. Monod and Monod,‘ Bohan,® Ricard ® and Berry’ 


4. Monod, G., and Monod, R.: Etude sur la thyroidite ligneuse chronique, 
J. de chir. 22:1, 1923. 


5. Bohan, P. T.: Ligneous Thyroiditis Associated with High-Grade Dental 
Infection, M. Clin. North America 7:1069, 1924. 

6. Ricard, M.: Note sur une variété de dégénérescence fibreuse du corps 
thyroide, Bull. et mém. Soc. de chir. 27:758, 1901. 

7. Berry, J.: On a Further Series of Five Hundred Goitre Operations with 
Special Reference to After-Results, Brit. J. Surg. 8:413, 1921. 
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recorded cases in which the trachea, bronchi and great vessels were 
mantled by the cellular exudate and in a remarkable case recorded by 
Tailhefer ® the infiltration involved the carotid vessels and extended to 
the base of the skull. The beginnings of this extracapsular cellular 
spread are shown histologically in the cases recorded by Shaw and 
Smith,’ and macroscopically it was equally evident at operation both 
in their cases of thyroiditis and in our case of plasmocytoma. These 
changes clearly point to the operation of a cellular stimulus which in 
certain instances transgresses the limits of its glandular nidus and 
infiltrates on the same lines as the neoplasma ; the process, therefore, can- 
not be explained as superinvolution of a normal structure. Shaw and 
Smith * stated: “We have been unable to collect any evidence that the 
condition is an involution following a previous goitre; we believe that 
the condition is a chronic inflammatory process of a granulomatous 
nature.” 

The recorded cases of plasma cell tumors arising in conjunction with 
the nasal and nasopharyngeal mucosa were reviewed in 1931 by Claiborn 
and Ferris.? In 1 of these, recorded by Vogt *° in 1912, the tumor mass 
extended from the mastoid process to the jugular fossa along the sterno- 
cleidomastoid muscle. The patient died in a “choking fit.” At autopsy 
the tumor was observed to consist of a cellular infiltration comprising 
lymphocytes and plasma cells. In a few areas the plasma cells were 
elongated and spindle shaped, resembling fibroblasts, and masses of 
plasma cells had permeated along the blood vessels into the musculature. 
In this case also the picture is one of diffuse cellular infiltration of 
cervical structure closely resembling advanced Riedel’s chronic thyroid- 
itis with extracapsular spread. Also, as in the case of thyroiditis, 
such a plasma cell tumor arising in the upper respiratory passages 
may develop as a well defined, distinctly localized mass of connective 
tissue cells forming a definite tumor or may infiltrate the surrounding 
structures diffusely after a primary focal development. Furthermore, 
the parallelism to the cases of thyroiditis and our case of plasmocytoma 
is emphasized by the cellular elements comprising the tumor. In 
addition to the masses of plasma cells there are diffusely scattered 
lymphocytes ; however, in some cases, according to Claiborn and Ferris,’ 
lymphocytes form the predominant element. Multinucleated cells also 
appear, forming a still further link with our case. Lastly, it is to be 
noted that tuberculous and syphilitic infection were absent in all these 


8. Tailhefer, E.: Inflammation chronique primitive de la glande thyroide, 
Rey. de chir. 18:224, 1898. 

9. Claiborn, L. N., and Ferris, H. W.: Plasmocell Tumors of the Nasal 
and Nasopharyngeal Mucosa, Arch. Surg. 23:477 (Sept.) 1931. 


10. Vogt, E.: Granulomatosis plasmacellularis colli, Frankfurt. Ztschr. f. Path. 
10:129, 1912. 
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cases of nasopharyngeal plasmocytoma, which is comparable to the find- 
ings in the recorded cases of chronic thyroiditis. 

The origin of the plasma cell is still debatable. One school holds 
that it is derived from the lymphocyte (and this is probably the more 
popular view) ; the other regards it as originating from fixed tissue, for 

example, the fibroblasts of the adventitia or the blood vessels. Reverting 
to the nasopharyngeal plasmocytomas and those occurring in other extra- 
medullary situations, one finds that there is a division of opinion as to 
whether these tumors are inflammatory in origin or are true neoplasms, 

Pascheff, Rados, Porkowsky, Franke and Baurmann,* describing 
plasmocytomas arising in connection with the conjunctivas, attributed 
them to inflammatory origin, and a like explanation has been advanced for 
plasmocytomas arising from the lip by (Kaufmann™), in the anus 
(Albrecht **) and in the jaw (Pirone**). In a classification of polypi 
occurring in the nasal passages Alagna *? described one type in which 
the plasma cell is the predominant element, and he concluded that this 
type of polypus is associated with infection of the nasal sinuses. Hiickel * 
cited an interesting case recorded by De Vestea, in which a massive 
plasma cell growth occurred in the tonsils of a man aged 82 with a 
strongly positive Wassermann reaction and disappeared on antisyphiltic 
treatment. 

In the first of the 2 cases reported in detail by Claiborn and Ferris 
the authors could see no evidence indicating a true neoplasm. In the 
second case such evidence was present. Kusunoki and Frank * con- 
sidered that the plasma cell tumor in the left side of the neck observed 
by them was a granuloma consequent on the action of an unknown 
toxic agent on the walls of the blood vessels, causing transmutation of 
the fibroblasts of the adventitia into plasma cells. 

One is thus confronted with a division of opinion as to the origin 
and nature of plasma cell tumors, although many of the advocates of 
their neoplastic nature would appear to be only half convinced. The asso- 
ciation in our case of plasmocytoma of the thyroid gland with the changes 
known as chronic thyroiditis suggests that lesions occurring diffusely 
in the neck and lesions arising as localized masses in the nasopharyngeal 
mucosa (and more rarely in other places) have a common cause. In 


11. Cited by Hiickel, R.: Ueber ein Plasmacytom des Nasenrachenraumes, 
Virchows Arch. f. path. Anat. 264:172, 1927. 

12. Alagna, G.: Die Plasmazellen bei Ohren-, Nasen- und Kehlkopfkrankheiten, 
Virchows Arch. f. path. Anat. 204:161, 1911. 

13. Hiickel, R.: Ueber ein Plasmacytom des Nasenrachenraumes, Virchows 
Arch. f. path. Anat. 264:172, 1927. ‘ 

14. Kusunoki, M., and Frank: Ueber ein Plasmezellurares Granulom, unter 
dem klinischen Bilde von Lymphomen der Halsalymphdriisen und geschwulstartigen 
Knoten in der Nasenschleimhaut, Virchows Arch. f. path. Anat. 212:391, 1913. 


all th 
and, 
thyro 
respi 
extre 
ment 
again 
itis ; 

this 

initia 
of tl 
mass 


: 
was 
dist 
nece 
“syt 
pore 
of t 
a di 
role 
cuss 
thet 
and 
the 
glat 
rest 
syn 
anc 
pla: 
gar 
che 
ex] 
cor 
res 
(J 
che 
H 


> find- 


holds 
more 
le, for 
erting 
extra- 

as to 
isms, 
ribing 
ibuted 
ed for 

anus 
polypi 
which 
it this 
ckel 
assive 
vith a 
philtic 


Ferris 
n the 
con- 
erved 
nown 
on of 


origin 
es of 
asso- 
anges 
‘usely 
ngeal 

In 


1umes, 
heiten, 
chows 


unter 


SHAW-SMITH—THYROID TUMORS 655 


all the cases mentioned, syphilis and tuberculous infection were excluded, 
and, although pyogenic organisms cannot be held to account for chronic 
thyroiditis, there is every reason for their activity in lesions of the upper 
respiratory passages. However, although infection in this region is 
extremely common, the lesions are extremely rare. The same argu- 
ment is in force against their origin from a simple infection as militates 
against the theory of glandular involution as an explanation of thyroid- 
itis; thyrotoxicosis is very common, thyroiditis a definite rarity. On 
this evidence there must obviously be other etiologic factors which 
initiate a stimulus resulting in so profound a change as the destruction 
of the thyroid gland in an otherwise healthy person or the growth of 
masses of tissue in the neck. Our present case affords a clue; there 
was evidence of long-standing osteoarticular and periarticular trophic 
disturbances resulting in the severe changes in the knee joints and 
necessitating an arthrodesis of one of these joints. The results of 
“sympathetic ganglionectomy” for rheumatoid arthritis and for osteo- 
porosis have now been observed by many surgeons in different parts 
of the world, and these considerations lead one toward the question of 
a disturbance of neural control of the affected tissue and the possible 
role that this might play in the development of the lesions under dis- 
cussion. One of us (R. C. S.*°) has shown that irritation of the sympa- 
thetic pathway to the thyroid gland between the central nervous system 
and the paraspinal ganglion produced proliferation and degeneration of 
the thyroid epithelium accompanied by cellular infiltrations of the necrotic 
gland tissue. This work may be compared with the somewhat similar 
results obtained by Cannon and also by Wilson, who used a different 
technic. We have also found that section of the cervical portion of the 
sympathetic trunk in the same portion of its pathway caused degeneration 
and atrophy of nerve cells in the superior cervical ganglion and hyper- 
plasia and degeneration of cells in the thyroid acini, whereas total cervical 
ganglionectomy did not cause changes in the thyroid comparable to those 
following neural section and chronic neural irritation. These tissue 
changes are similar to those reported by the same writer in 1926 after 
experimental irritation of the nerve supply to the aortas of rabbits and 
confirming the results of Manouélian** in this field. Finally, these 
results were partially correlated with the findings of Pearce*’ and 


15. Shaw, R. C.: Nerve Irritation and Aortic Lesions, Quart. J. Med. 19:203 
(Jan.) 1926; Tissue Change and the Sympathetic Nervous System, Thesis, Man- 
chester, 1933. 
“ 16. Manouélian, Y.: Recherches sur athérone aortique, Ann. Inst. Pasteur 27: 
, 1913. 
17. Pearce, R. N.: Experimental Arteriosclerosis and Myocarditis, Bull. Johns 
Hopkins Hosp. 17:94, 1906. 
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Polettini,"* who subjected animals for six to eight weeks to repeated 

injections of epinephrine and produced proliferative lesions in the blood 

vessels which were similar to those obtained by neural irritation. Although 

we were not able fully to confirm Polettini’s work, our knowledge of 

the importance of the adrenal hormone in connection with the con- 

ductivity of the neural impulse in the sympathetic system at once 

suggests that there is an intricate and delicate mechanism by which the 

passage of physical stimuli between the central nervous system and the 

thyroid gland or other tissue is intimately associated with the endocrine 

secretions, and the transference of such impulse in a normal or an 

abnormal manner may be dependent on a very fine physiochemical 

balance at the nerve endings. It is thus considered that the changes 

occurring in our case of plasmocytoma are one aspect (and no doubt 

a rare one) of the pathologic course of a condition which is itself 

uncommon, namely, Riedel’s chronic thyroiditis, and that these con- 

ditions are expressions of tissue cell hyperplasia following a physio- 

chemical disturbance that may be dependent on a complex cycle of 

causes in part due to disturbance of the neural control and in part of 

endocrine origin. No doubt in a few cases chronic infection may play 

some part in the cycle in affecting the neural apparatus, but the fact 

remains that these plasma cell reactions are not associated with the 

ordinary specific infections, and their very rarity precludes the idea that 

the common pyogenic organisms are a determining factor. It would 

seem more likely that when there is strong evidence of a definite infection 

in a case of plasma cell reaction the role played by this factor is 

comparable to that of the conditions that predispose to the development 

of cancer. In other words, the infection engenders cellular instability, 

' and in rare instances the conjunction of certain neuroendocrine con- 
ditions is followed by plasma cell hyperplasia. The rarity of these 
reactions is illustrated by the fact that in 1925 Shaw and Smith were 
able to collect only 25 cases of thyroiditis from the literature since 1896. 
With regard to the endocrine element of these plasma reactions, it is 
interesting to note that all Shaw and Smith’s * patients were females and 
that the patients in 31 of 38 cases of thyroiditis analyzed by Vaux ? were 
also females. In this connection the findings in 1 of Shaw and Smith’s 
cases may be recalled. In this case the adrenal gland showed changes 
similar to those in the thyroid. The parenchymatous tissue was left only 
in the central portion of the gland, and this, although much altered, 
appeared to be cortical tissue, while the peripheral parts of the gland 
exhibited massive infiltration with plasma cells, lymphocytes and phago- 
cytes. In this zone there was almost total destruction of the normal 


18. Polettini, D. B.: Sulle alterazioni delle pareti vascolari prodotte dell’adren- 
alina sia per iniezione in circolo, sia per contatto, Arch. per le sc. med. 43:63, 1920. 
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epithelium, while there was hyaline fibrosis of the glandular capsule. 
There was no evidence of tuberculous infection. 

In conclusion, it is advanced that the so-called plasmocytoma in this 
case belongs to a type of plasma cell hyperplasia which may occur in 
conjunction with lymphocytic hyperplasia, the two cellular elements 
varying in different cases. In some the plasma cell predominates, in 
others the lymphocyte predominates and in others the two are present in 
more or less equal proportions. Such hyperplasia arises as a focal 
lesion,’® infiltrating the surrounding tissues and forming a localized 
tumor. If it arises in the thyroid or in the adrenal there are coincident 
hyperplasia and degeneration of the normal glandular elements, which 
are replaced by the masses of tissue cells. The ultimate course of such 
a hyperplasia appears to be governed either by local tissue reaction or 
by cessation of the initial stimuli. In consequence the tumor mass either 
spreads through the confines of the glandular capsule (in the case of 
the thyroid) or of the fibrous wall of the pharynx, infiltrating diffusely 
along the muscle planes and sheaths of the blood vessels; or, on the 
other hand, the cellular mass undergoes fibrosis and possibly hyaline 
change, remaining localized to its original site. 

As regards the nature of the initial stimulus, it has been shown that 
simple involution of the thyroid cannot be accepted as a reasonable 
solution for the changes occurring in thyroiditis, and yet specific and 
common pyogenic infections do not form the true etiologic basis. It is 
therefore tentatively concluded that these rare changes are due to an 
imbalance of the neuroendocrine control of the tissue cells in which 
disturbance of the neural impulse or of the physiochemical mechanism 
by which it is transmitted to the tissue cells results in abnormal stimuli 
productive of intensive proliferation of the connective tissue cells and 
hyperplasia and destruction of normal glandular elements. Plasmocytoma 
of the thyroid, chronic thyroiditis and other extramedullary plasmo- 
cytomas are all expressions of a common pathologic process. 


19. Stewart, M. J., and Taylor, A. L.: Solitary Plasmacytoma, J. Path. & 
Bact. 35:541, 1932. 
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A NEW METHOD OF URETEROINTESTINAL 
ANASTOMOSIS UTILIZING PERITONEUM 


ROY E. BRACKIN, M.D. 
KENILWORTH, ILL. 


After implantation of the ureters into the colon, serious sequelae, 
such as hydronephrosis and pyelonephrosis, are possible. The pathologic 
physiology of the ureters is significant. At least six factors are 
interrelated. 


PERITONITIS 


After direct implantation the incidence of peritonitis is high. In 
animals this condition occurs rarely after submucous implantation. 
Coffey’s* method of constructing a ureterointestinal valve aided in 
preventing peritonitis. Hyperperistalsis in the colon, especially after 
bilateral implantation, contributes to the tendency toward leakage, par- 
ticularly if specialized instruments are used in the ureters or in the 
rectum. 


INFECTION OF THE URETER AND KIDNEY 


Bacterial invasion of the ureter occurs through the hiatus in the 
ureteral mucosa. David and Mattill * have shown that it is improbable 
that infection of the renal pelvis occurs through involvement of the 
periureteral lymphatics. Rather, extension of infection is via the lumen 
of the ureter. Vermooten * has shown that ureteral elasticity is impaired 
by direct extension of infection from the site of transplantation. The 
implanted end of the ureter remains infected. Long-standing infection 
of the lower end of the ureter accelerates the formation of fibrous 
tissue; stricture, dilation and ascending infection result (figs. 1 and 2). 
This is not true when the ureter together with its intact nerves, blood 
vessels and parietal peritoneum is implanted into the lumen of the sig- 
moid flexure of the colon. Also, reaction of the peritoneum surround- 
ing the intramural portion of the ureter localizes and absorbs the 
infection. 


From the Department of Surgery, Rush Medical College. 

Read before the Section on Urology at the Ninetieth Annual Session of the 
American Medical Association, St. Louis, May 18, 1939. 

1. Coffey, R. C.: Physiologic Implantation of the Severed Ureter or Common 
Bile-Duct into the Intestine, J. A. M. A. 56:397 (Feb. 11) 1911. 

2. David, V. C., and Mattill, P. M.: Role of the Ureteral Lymphatics in 
Experimental Urinary Tract Infections, Arch. Surg. 2:153 (Jan.) 1921. 

3. Vermooten, V.: Transplantation of the Lower End of the Dog’s Ureter: An 
Experimental Study, J. Urol. $2:273, 1934. 
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IMPAIRMENT OF FUNCTION OF THE URETER 


With present methods of implantation of the ureters into the recto- 
sigmoid, trauma to the ureter is minimized only by operative care. It 
:s well known that peristalsis is never resumed across the site of trauma. 
If the ureter is cut across, its innervation will not be repaired and its 
function will be inhibited. Hinman‘ stated that good peristalsis con- 
stitutes the main defense against reflux and ascending infection. Trauma 
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nt Fig. 1—Specimen from typical controlled experiment. The photograph shows 
the ureterointestinal orifices seven and one-half months after simultaneous bilateral 
implantation of the ureters into the rectosigmoid. The left ureter was dissected 
free from the parietal peritoneum. The right ureter was implanted with the parietal j 

ie peritoneum intact. On examination the left orifice was cicatrized. The left ureter 
was dilated. The right orifice was satisfactory, and the right ureter was normal. 

sea of handling and the effect of sharp dissection are important factors in 

a the occurrence of immediate infection of the ureter, stasis in the urinary 


tract and subsequent renal infection. 


4. Hinman, F.: Ureterointestinal Anastomosis, Surgery 2:127, 1937. 
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Fig. 2——Specimen from an experiment similar to the one from which the 
specimen in figure 1 was taken, eleven months after ureterosigmoidostomy. There 
was a stricture of the left ureterointestinal orifice. The left ureter (not illus- 
trated) was dilated. The right orifice was satisfactory, measuring 3 mm. in diam- 
eter, and the right ureter (not illustrated) was normal. 


Fig. 3—Specimen from a typical controlled experiment, four months after 
bilateral implantation of the ureters in two stages into the rectosigmoid with the 
parietal peritoneum intact. The proximal portion of the left ureter was anchored 
into the incision in the intestine by sutures in the intact parietal peritoneum. The 
musculature of the bowel was closed over the proximal portion of the right ureter 
by a suture placed over the ureter. On examination there were some hydronephrosis 
and pyonephritis on the right. The kidney and ureter were normal on the left. 
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RETRACTION OF THE URETER 


Experimentally, retraction of the end of the ureter into the rectal 
wall is rather common. This is prevented by the Mayo* modification 
of the Coffey method, in which the sutures of the intestinal musculature 
include the edge of the intramural portion of the ureter. 


STRICTURE AND ANGULATION OF THE URETER 


The ureter is relaxed and free of encroachment in the retroperitoneal 
location. After implantation into the colon its lower portion is cov- 
ered for a variable distance by the musculature of the colon, and 
interference with peristalsis may result. If the musculature of the bowel 
is closed loosely over the ureter, the risk of leakage is increased; if it 
is closed tightly, stricture of the ureter may follow. Suture over the 
portion of the ureter toward the kidney constitutes a risk of stricture. 
Minimal encroachment on the diameter of the ureter by a scar or a 
suture frequently causes hydronephrosis and renal infection. By 
anchoring the proximal portion of the ureter into the incision in the 
bowel by sutures through the parietal peritoneum attached to the ureter, 
the possibility of stricture is minimized (figs. 2 and 3). In addition, 
Vermooten * found that stricture is usually present where the ureter 
passes through the intestinal mucosa. This possibility is avoided in a 
lateral anastomosis. 


Since 1911, when the Coffey-Mayo * method of submucous implanta- 
tion was reported, the older methods have been largely discarded. 
Walters,® both alone and in collaboration with Braasch,*” has contributed 
extensive and varied studies in the clinical application of ureterosigmoi- 
dostomy. Coffey’ first described the necrosing suture method, and 
Higgins * first described the lateral anastomosis with a necrosing suture. 


5. Mayo, C. H.: The Formation of a Cloaca in the Treatment of Exstrophy 
of the Bladder, S. Clin. North America 1:125, 1920. 

6. (@) Walters, W.: Transplantation of Ureters to Sigmoid Colon for 
Exstrophy of Bladder and Other Ureteral Abnormalities with Urinary Incontinence, 
Minnesota Med. 16:416, 1933. (b) Walters, W., and Braasch, W. F.: Ureteral 
Transplantation to Rectosigmoid for Exstrophy of the Bladder, Complete Epi- 
spadias, and Other Urethral Abnormalities with Total Urinary Incontinence: A 
Study of Eighty-Five Operative Cases, Am. J. Surg. 28:255, 1934; Transplantation 
of Solitary Ureter to the Sigmoid Colon for Exstrophy of the Bladder: Report of 
a Case, Proc. Staff Meet., Mayo Clin. 9:485, 1934; Ureterosigmoidal Transplanta- 
tion for Exstrophy of the Bladder and Complete Epispadias with Absent Urinary 
Sphincters, Am. J. Surg. 24:776, 1934; Plastic Operations on the Genito-Urinary 
Tract: I. Operations on the Ureters and Kidney, Proc. Staff Meet., Mayo Clin. 
10:529, 1935; Implantations of Ureters into the Colon, Surgery 2:12, 1937. 

7. Coffey, R. C.: Production of Aseptic Uretero-Enterostomy by a Suture 
Transfixing the Ureteral Wall and the Intestinal Mucosa, J. A. M. A. 94:1748 
(May 31) 1930. 


8. Higgins, C. C.: Aseptic Ureterointestinal Anastomosis, J. Urol. 31:791, 
1934, 
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Hinman * has stated that “the simplest method usually proves to be the 
best.” All the methods of ureterointestinal anastomosis referred to?® 
(and perhaps others) are designed to minimize ascending renal infection 
and ureterectasis. 


METHOD 


Intact parietal peritoneum overlying the ureter is included in a lateral 
submucous ureterointestinal anastomosis (figs. 4 and 5). The uretero- 
intestinal opening is established by a necrosing suture. This is a 
mattress suture of no. 6 braided silk material inserted through the 
parietal peritoneum and the ureteral wall on one side and the intestinal 
submucosa and mucosa on the other and runs parallel to the long axis 
of the ureter. The desired length of suture should lie in the lumen 


9. Bergenhem, B.: Ectopia Vesicae: Adenoma Destruans Vesicae; Exstirpa- 
tion of the Bladder; Implantation of End of the Ureter into the Rectum, Eira 19: 
268, 1895. Maydl, K.: Neue Beobachtungen von Ureterenimplantation in die 
Flexura romana bei Ectopia vesicae, Wien. med. Wchnschr. 46:1241-1247, 1896. 
Martin, F. H.: Implantation of Ureters in Rectum: A Method Having for Its Object 
the Making of Subsequent Infection of the Ureters and Kidneys Impossible, J. A. M. 
A. 32:159 (Jan. 28) 1899. Peters, G. A.: Transplantation of Ureter into Rectum by 
an Extra Peritoneal Method for Exstrophy of Bladder, Brit. M. J. 1:1538, 1901. 
Fowler, G.: A Treatise on Surgery, Philadelphia, W. B. Saunders & Company, 
1906, vol. 2, p. 313. Coffey, R. C.: Transplantation of the Ureters into the Large 
Intestine, Surg., Gynec. & Obst. 47:593, 1928. Kirwin, T. J.: A Study of Ureteral 
Implantation with a Description of a New Procedure: A Preliminary Report, Am. 
J. Surg. 8:1, 1930. Ferguson, C.: Experimental Transplantation of the Ureters 
in the Bowel by a Two Stage Operation, Mil. Surgeon 69:181, 1931. Beaver, M. 
G., and Mann, F. C.: Brief Communications: Simple Method for the Trans- 
plantation of the Ureter and the Common Duct into the Intestine, Ann. Surg. 95: 
621, 1932. Winsbury, H. P.: A New Method of Implanting the Ureters into the 
Bowel, Proc. Roy. Soc. Med. 26:1214, 1935. Hinman, F.: A Simple Seven Suture 
Method of Bilateral Uretero-Intestinal Implantation, Surg., Gynec. & Obst. 61:802, 
1935. Brenizer, A. G.: Ureteral Transplantation: Modification of Methods, Am. 
J. Surg. 28:210, 1935. Sherman, W. L.; Dinardo, C. J., and Bowers, J. M.: 
Ureteral Transplant: Preliminary Report of a New Technique, ibid. 29:54, 1935. 
Poth, E. J.: Aseptic Uretero-Enterostomy, Surg., Gynec. & Obst. 60:875, 1935. 
Douglass, H. L., and Edwards, L. W.: Experimental Studies of Uretero-Intestinal 
Anastomosis, Ann. Surg. 104:87, 1936. Hinman, F.: Uretero-Intestinal Implanta- 
tion by Aseptic Method with Divisible Carrier: Modification of Simple 7 Suture 
Method with Probe and Cautery, Tr. Am. A. Genito-Urin. Surgeons 29:157, 
1936. Altounyan, E. H. R.: Modified Coffey Operation for Transplanting Ureters, 
Lancet 2:191, 1937. Foley, F. E. D.: Aseptic Ureterosigmoidostomy: A New 
Method Providing Definite Asepsis in Respect to Both Fecal and Urinous Soiling: 
a Preliminary Report, Surgery 2:18, 1937. Douglass, H. L., and Edwards, L. W.: 
Ureteral Enterostomy Combination of Coffey, Ferguson, and Brenizer Methods, 
J. Tennessee M. A. 30:41, 1937. Farrell, J. I, and Lyman, Y.: Aseptic Uretero- 
Intestinal Anastomosis, Surg., Gynec. & Obst. 66:657, 1938. Jordan, E. P.: Aseptic 
Uretero-Intestinal Anastomosis: An Experimental Study, J. Missouri M. A. 35: 
365, 1938. 
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Fig. 4.—Ureterointestinal orifices of the specimen in figure 3. The left orifice 
was 5 mm. and the right 6 mm. in length. 
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of the ureter; this is accurately determined, and the suture is tied 
securely, with a crushing-effect on the tissues. Care in manipulation js 
important to avoid breaking of the material, injury to the parietal 
peritoneum and contamination, especially of the abdominal wound. The 
longitudinal ureteral vessels are avoided. The ureter above the necrosing 
suture is anchored in the intestinal incision by silk mattress sutures 
which include, on the medial side of the ureter, the parietal peritoneum 
and the inferior edge of the intestinal muscle. The suture on the lateral 
side of the ureter includes the parietal peritoneum and the superior 
edge of the intestinal muscle. Sutures are not placed under the ureter 
proximal to the site of the necrosing suture. The intestinal musculature 
is closed over the ureter at the site of the necrosing suture and distally 
by silk mattress sutures which include both edges of the intestinal 
muscle and pass under the ureter. Folds of parietal peritoneum remain 
between the approximated edges of the intestinal wall. The field is 
peritonealized. The right ureterointestinal anastomisis is performed first 
and the left in two or three weeks. 


ADVANTAGES OF METHOD 


Peritoneal reaction prevents leakage and tends to localize and absorb 
postoperative infection. The physiologic character of the ureter is pre- 
served by deferring ureteral section and by implantation of the ureter 
with the nerves, blood vessels and parietal peritoneum intact. Stricture 
in the proximal segment is unlikely, since the ureter is anchored in the 
intestinal incision by sutures in the parietal peritoneum. The probability 
of retraction of the ureter is minimized by adhesions between the peri- 
toneum and the intestinal submucosa. Obstruction of the small intes- 
tine after this procedure appears unlikely. 


RESULTS 


Studies of animals of which intravenous urographic examination 
was done were made after one week and after periods up to eleven 
months. The roentgenologist, Dr. F. H. Squire, studied the films and 
made the following reports. 


Doc 1 (simultaneous bilateral transplantation of the ureters on May 9, 1938; 
division of the ureters distal to the anastomoses on June 13; intravenous pyelo- 
graphic examination on April 7, 1939).—Both renal pelves were faintly outlined. 
They appeared to be within normal limits. There was some dilatation of the right 
ureter. The left ureter was not visualized. There was a large amount of dye 
in the bowel. 

Doc 2 (simultaneous bilateral transplantation of the ureters on May 11, 1938; 
division of the ureters distal to the anastomoses on June 15; intravenous pyelo- 
graphic examination on November 8).—Both renal pelves were faintly outlined, 
appearing within normal limits. The ureters were not visualized. There was 4 
large amount of dye in the bowel. 
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\ Distal sigmoid 
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Fig. 6—Sectional view of the method of operation. A, longitudinal intestinal 
incision down to the submucosa; the medial peritoneal suture (1) has been placed, 
and the mattress sutures (2 and 3) have been passed through the inferior edge 
of the incision in the intestine, under the ureter at the site for the necrosing suture 
and distally (additional and similar sutures may be employed in that location). 
B, necrosing suture placed in the lumen of the ureter and bowel. The lateral 
peritoneal suture (4) is being placed. C, necrosing suture tied. The mattress sutures 
(2, 3 and 4) have been passed through the superior edge of the incision in the 
intestine. D, implantation completed by tying of the free ends of the mattress 
sutures (2, 3 and 4). The position of the ureter in the wall of the intestine, the 
constriction caused by the necrosing suture, the parietal peritoneum covering 
the ureter and interposed between the approximated edges of the incision in the 
intestine and the peritonealization of the superior edge of the incision into the 
intestine are illustrated. 
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Doc 3 (transplantation of the right ureter on Aug. 24, 1938; transplantation 
of the left ureter on October 5; intravenous pyelographic examination on December 
10).—The renal pelves and the ureters were not visualized, but there was con- 
siderable dye in the bowel, which showed good function. 

Doc 4 (transplantation of the right ureter on Oct. 26, 1938; transplantation of 
the left ureter on November 28; intravenous pyelographic examination on April 11, 
1939).—The renal pelves and ureters were normal. There was a large amount of 
dye in the bowel, which showed good function. 


Fig. 7—Specimen illustrating a typical result of implantation of the ureters 
into the rectosigmoid. The photograph shows the kidneys, the ureters, a section of 
the sigmoid and the bladder six months after the operation. The kidneys and 
ureters are normal. 


Doc 5 (transplantation of the right ureter on Nov. 16, 1938; transplantation of 
the left ureter on December 11; intravenous pyelographic examination on April 
4).—Both renal pelves were faintly outlined. They appeared to be within normal 
limits. There was a large amount of dye in the bowel. 

Doc 6 (transplantation of the right ureter on March 16, 1939; transplantation of 
the left ureter on April 6; intravenous pyelographic examination on April 14).—The 
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right ureter was within normal limits. The left kidney was well outlined and 
appeared normal. There was some dilatation of the left ureter. There was a large 
amount of dye in the bowel. 


Films of specimens of the kidneys, pelves, ureters and sections of 
the bowel into which 16 per cent sodium iodide had been injected showed 
these to be within normal limits. One film of a specimen of normal 
ureter and kidney after injection of sodium iodide compared favorably 
with films of specimens treated by similar injections after operations. 

The apparent dilatation seen in the pyelograms appeared to clear up 
after operation and was not present in the specimen. Frequently there 
was slight obstruction due to edema, which cleared up, as was shown 
in later films and in the specimens. The proximal portion of the ureter 


Fig. 8.—Ureterointestinal orifices of the specimen in figure 7. The specimen 
was fixed in solution of formaldehyde, with glass rods in the ureterointestinal 
orifices. 


was not dilated, as shown in specimens removed on the third and on the 
fifth postoperative day. 

In ten consecutive bilateral implantations in healthy dogs pathologic 
changes in the kidneys or in the ureters or kidneys were not observed 
at autopsy after periods varying from three weeks to eleven months. 
In 3 animals which died of extensive bronchial pneumonia within five 
days after the initial transplantation, bilateral pyelonephritis was 
observed. The transplanted ureter was not dilated in any instance (figs. 
6 and 7). The ultimate size of the ureterointestinal opening was 3 mm. 
or more in diameter when 1 cm. of the wall of the ureter and 1 cm. 
of the mucosa of the intestine were included in the necrosing suture. 
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The openings were larger than the diameters of the lumens of the 
ureters. The ureterointestinal orifice was devoid of excessive fibrous 
tissue and its edges were completely epithelized thirty-five days after 


3 
4 


Fig. 9.—Photomicrograph of a section cut transversely through anastomosis of 
the ureter and rectosigmoid thirty-five days after ureterosigmoidostomy performed 


by the method described. The photomicrograph shows the anastomosis epithelized 
and the ureter normal. 


the operation (fig. 8). Urine was present in the rectum on the second 
day in 80 per cent and on the third day in 20 per cent of instances. The 
urinary stream was diverted into the intestine whether or not the ureter 
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distal to the anastomosis was interrupted or remained continuous with 
the bladder. Later section of the distal portion of the ureter in 4 
instances did not alter the results. 


COMMENT 


The formation of a ureterointestinal fistula is soon effected because 
of the presence of infection in the tissue under the necrosing suture. 
The edema in the surrounding peritoneum increases the tension of the 
necrosing suture and hastens breaking down of the tissue. Growth of 
epithelium then completes the production of a ureterointestinal anasto- 
mosis. A necrosing suture has been employed by us in fifty-two con- 
secutive implantations of the ureter into the colon in animals. After 
every transplantation the suture caused tissue necrosis which resulted 
in a ureterosigmoidal anastomosis. There is no tension on the ureter 
after this procedure ; presumably in clinical application tension would be 
no greater than after the retroperitoneal implantation employed by 
Cabot? (in 1 clinical case in which operation has been performed 
since the presentation of this paper, tension on the ureter has not 
resulted from the procedure). The chief factors contributing to the 
good results obtained with the method described are a ureter normal 
down to the ureterointestinal opening and an epithelized opening into the ~ 
intestine which is characterized by the absence of scar tissue. 


SUM MARY 


The incidence of hydronephrosis and pyelonephrosis subsequent to 
implantation of the ureters into the colon has been reduced experi- 
mentally by a method which involves utilization of peritoneum and in 
which dissection of or trauma to the ureter does not occur. 


Dr. Gatewood gave counsel and guidance frequently during the eighteen 
months this work was in progress. Dr. Vernon C. David contributed valuable 
suggestions and criticism in the preparation of the manuscript. Drs. Willis 
J. Potts, Carl W. Apfelbach and Clayton J. Lundy also rendered valuable 
assistance. 


ABSTRACT OF DISCUSSION 

Dr. WALTMAN WALTERS, Rochester, Minn.: Dr. Brackin’s studies have been 
thoughtfully and accurately carried out and comprise one of the nicest pieces of 

work on experimental ureterosigmoidal transplantation which I have ever seen. 
sis of A point of great interest is that by not incising the peritoneum over the ureter 
ormed one is able in creating the ureterosigmoidal anastomosis by means of the necrosing 
elized Suture to prevent contracture, which Dr. Brackin thinks will occasionally occur 
with methods in which the peritoneum is incised, and flagellation of the end of the 
ureter, the blood supply and nerve supply of which have been interfered with as 
scond 
The 
ireter 


10. Cabot, H.: The Methods of Diverting Urine Above the Level of the 
Bladder, with Particular References to Problem of Technic, J. Urol. 35:596, 1936. 
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a result of its being removed from its periureteral tissue, particularly the peritoneum. 
I think Dr. Brackin has shown that well, because in his controlled experiments jn 
which the ureter was pulled up from the peritoneum and the peritoneum retracted 
to the side, pyelonephritis occasionally occurred as a result of contracture at the 
necrosing anastomosis. 

The point relative to the importance of not placing sutures proximal to the 
anastomosis because of interference with motility in the ureter is important. Dr. 
Brackin has used the necrosing suture method in 52 instances in animals. Also he 
has recently employed it in a clinical case. I am sure he would want that empha- 
sized, for the reason that there is a good deal of difference between the results of 
different types of ureterosigmoidal transplantation in dogs and in human beings. 
The musculature of the dog’s large intestine is much larger and thicker than that of 
the human large intestine. 


[Nore.—The patient in the clinical case referred to by Dr. Walters is a boy 
aged 3 years with exstrophy of the bladder. Sufficient time has not elapsed for 
urologic studies (procedure carried out May 13, 1939). However, recovery fol- 
lowed, and urine appeared in the rectum thirty-six hours after the opera- 
tion.—R. E. B.] 

A year ago, when Dr. Bowman, Dr. Barker and I were trying to produce 
atrophic unilateral pyelonephritis to note its effect on hypertension, we implanted 
the ureter into the bowel, using the submucosal method (the original method of 
Coffey), and almost without exception the subjects had first hydronephrosis and 
then atrophic pyelonephritis. 

The only way that my associates and I have been able successfully to transplant a 
ureter into the bowel and maintain reasonably normal function of the kidney 
without too much infection is to put a hole in the bowel, place a ureter in it and 
with a small, loosely tied purse string suture approximate very lightly the bowel 
around the ureter. Mann found this experimentally to be the most effective method 
of transplanting such small ducts as pancreatic ducts in animals. 

One must remember that the submucosal transplantation of the ureter, the 
so-called original Coffey method, is followed in the dog by pyelonephritis and 
hydronephrosis ; although these conditions may occur relatively infrequently in man, 
there is no doubt that they do occur. 

Dr. Brackin’s studies are particularly interesting because within fifty hours after 
the necrosing suture was placed urine appeared in the rectum, and urine was not 
present in the bladder. [Note—Urine was observed in the bladder in various 
amounts after a bilateral ureterosigmoidoscopic procedure; however, a greater 
percentage of urine flowed into the rectum.—R. E. B.]. From such studies in 
ureterosigmoidal transplantation, which have been many and excellent, physicians 
are gaining a better knowledge of the fundamental physiology and pathology of 
the urinary tract after ureterosigmoidal transplantation. 

I wish to say a word of caution about the use of any method in man which may 
be followed by disturbing results. If I remember correctly, the longest duration of 
any of Dr. Brackin’s experiments was eleven months, and in one of these prolonged 
experiments there was a little contracture. 


Dr. Roy E. Bracxin, Kenilworth, Ill.: Yes; that was a controlled experi- 
ment, and the contracture was present on the left side, where in performing ureter- 
osigmoidostomy the ureter was dissected out and the peritoneum removed. 

Dr. WALTMAN WALTERS, Rochester, Minn.: But when the peritoneum was not 
taken off, the anastomoses persisted eleven months without contracture? 
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Dr. Roy E. Brackin, Kenilworth, Ill.: Yes; anastomoses were at least 3 mm. 
in diameter. 

Dr. WALTMAN WALTERS, Rochester, Minn.: That is an important point, because 
with the necrosing suture method one always speculates whether ultimately con- 
tracture may not occur at the point of anastomosis. 

Dr. Roy E. Bracxrn, Kenilworth, Ill.: There has been some question by my 
chief, Dr. Gatewood, about the possible technical difficulties of applying the 
method clinically. It was found, however, by postmortem measurements that the 
width of the sigmoid and mesosigmoid is greater at all ages than the space between 
the ureters at the site of transplantation. 
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METASTASIS OF CARCINOMA TO THE SCALP 


DISTINCTION FROM CYLINDROMA AND FROM CARCINOMA 
OF THE DERMAL APPENDAGES 


HAMILTON MONTGOMERY, M.D. 
AND 
ROBERT R. KIERLAND, M.D. 


Fellow in Dermatology, the Mayo Foundation 
ROCHESTER, MINN. 


Cutaneous metastasis of carcinoma of the internal organs is of rela- 
tively infrequent occurrence. We wish to emphasize that such metastasis 
may be limited to the scalp and that a diagnosis even of carcinoma of the 
internal organs may be established first by recognition of the cutaneous 
metastasis and by means of cutaneous biopsy. 


We wish to report 4 cases in which cutaneous metastasis of internal 
carcinoma was limited to the scalp, and then to discuss briefly various 


conditions of the scalp with which the metastatic lesions might be 
confused. 


REPORT OF CASES 


Case 1—A white man 58 years old came to the Mayo Clinic in May 1925, for 
treatment of jaundice of three months’ duration. He had noticed in the right 
upper quadrant of the abdomen a mass which had increased in size. He had lost 
40 pounds (18 Kg.) during the three months before he was seen at the clinic. 

Physical examination established a jaundice of grade 2 on the basis of 1 to 4. 
The liver extended to the iliac crest, and the surface was hard and irregular to 
palpation. A diagnosis was entertained of carcinoma of the head of the pancreas, 
with metastasis to the liver. 

The patient had a large lobulated tumor of the right parietal margin of the 
scalp, about 4 cm. in diameter. There was also a small satellite nodule, which 
was removed for microscopic examination. The histologic picture was that of 
grade 3 metastatic adenocarcinoma (fig. 1.4). The tumor was found chiefly in 
the midportion and the lower portion of the cutis and was comprised of undiffer- 
entiated highly malignant tumor cells exhibiting numerous mitotic figures. Some 
of the cells had assumed an alveolar arrangement. No connection of the tumor 
cells with any dermal appendage could be demonstrated. There was relatively 
little inflammatory reaction. 

The patient was given palliative radium therapy. He died at home in June 
1926. No postmortem examination was performed. 


Case 2—A white woman 58 years old came to the Mayo Clinic in June 1931, 
because of weakness and exhaustion of four months’ duration. The last two months 
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she had noticed dull pain in the left upper quadrant of the abdomen, associated with 
constipation, loss of appetite, nausea and vomiting. She had lost 21 pounds 
(9.5 Kg.). Recently her stools had become hard and very dark, although blood 
had not been recognized. 

Examination revealed a firm mass in the left upper abdominal quadrant, extend- 
ing upward under the costal margin and posteriorly to the lumbar region. There 
were also six discrete cystlike tumors in the scalp, 5 to 10 mm. in diameter; one 
of these tumors was ulcerating. These lesions had first appeared eighteen months 
prior to admission to the clinic. Two had been removed elsewhere and had been 
diagnosed as nonmalignant. Microscopic examination of an excised nodule revealed 


Fig. 1—Metastatic adenocarcinoma of the scalp. A (case 1; grade 3) shows 
infiltrate in the midportion and the lower portion of the upper part of the cutis 
and a tendency toward formation of alveoli; B (case 2; grade 4) shows large 
undifferentiated tumor cells just below a hair follicle, smaller inflammatory cells 
at both sides and deposits of mucin in the deeper portion of the cutis. 


a tumor occupying all the layers of the cutis, with some inflammatory reaction at 
the periphery and with a central portion characterized by deposit of mucin, 
revealed by special stains. A diagnosis was made of metastatic adenocarcinoma, 
grade 4 (fig. 1B). 


Case 3.—A man 71 years old came to the Mayo Clinic in June 1937, because 
of nocturia and difficult urination of two years’ duration. One week before 
admission he had noticed a small amount of blood in his urine. 
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On the morning of admission he voided large amounts of bloody urine, pro. 
gressed to a condition of shock and was hospitalized. Later an intravenoys 
urogram revealed the characteristic picture associated with tumor of the left 
kidney. Further examination showed multiple hard, nontender nodules in the scalp, 
which were less than 3 mm. in diameter and which the patient thought had been 
present for ten days. He also had a ptosis of the left upper eyelid of two days’ 
duration, possibly the result of metastasis to the upper portion of the nucleus of 
the third cranial nerve. Microscopic examination of an excised nodule of the 
scalp revealed the mass of the tumor in the lower part of the cutis to be composed 
of malignant undifferentiated cells containing numerous mitotic figures. There 
was no tendency toward differentiation into glandular structures. The nodule 
was surrounded by a dense layer of connective tissue, and the lymphatic and blood 
vessels were packed with malignant cells (hg. 2 A). 


Case 4.—A white woman 58 years old was referred to the Mayo Clinic in 
October 1928 by Dr. M. G. Fronske, of Flagstaff, Ariz. In March 1928 she had 
first noticed small nodules in the scalp. On consulting a physician in July she 
had been told that she had multiple sebaceous cysts. The lesions had gradually 
increased in size. On Sept. 27, 1928 three of the nodules had been removed and 
specimens sent to two different pathologic laboratories, of which one had reported 
the specimen to be basal cell carcinoma and the other had made a diagnosis of 
carcinoma arising from glandular structure. 

The patient’s past history was without significance. She felt well and had 
experienced no loss in weight or symptoms referable to any organic disorder. 

Physical examination at the clinic revealed a small adenoma of the thyroid 
and a small cervical polyp, both of which were regarded as benign. Results of 
roentgenologic examinations of the thorax, stomach and colon were reported to 
be normal. Results of laboratory examinations, including urinalysis and studies 
of the blood, were essentially normal. Examination of the scalp revealed scars 
resulting from former excisions and two small firm nodules in the midline, one 
of which was ulcerated. The latter was excised for biopsy, and a diagnosis was 
made of metastatic adenocarcinoma, grade 3. 

Some pathologists at the clinic raised the question of the possibility of car- 
cinoma of the sweat glands, a suggestion which seemed to be supported by the 
essentially negative results of the general examination. We reviewed the sections 
of both specimens for biopsy that had been removed elsewhere, and they exhibited 
identical histologic changes. 

Serial sections were made of the entire specimen for biopsy which we removed 
from the scalp. In many portions the tumor cells assumed configurations suggestive 
of carcinoma of the sweat glands (fig. 2B), but it was not possible to demonstrate 
any connection of malignant cells with sweat glands or sweat ducts. Throughout 
all portions of the cutis there was a dense mass of undifferentiated cells exhibiting 
numerous mitotic figures and showing a tendency toward an alveolar or a glandular 
arrangement (fig. 34). In several regions there was approximation to and even 
invasion of the epidermis by the tumor cells (fig. 3B), with resultant secondary 
ulceration in one portion. Many of the lymph spaces were distended by carcinom- 
atous cells, although no such cells were found in the blood vessels. There was 
a moderate degree of inflammatory reaction, consisting of lymphocytic and poly- 
morphonuclear leukocytic infiltration and a slight increase of connective tissue 
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bout the nodule of the tumor, Mucin was not revealed by special stains, a fact 
7 ont tended to exclude the gastrointestinal tract as the primary focus. 

pacer: roentgenotherapy was employed for the lesions on the scalp, and 
the patient was sent home. In January 1929 Dr. Fronske informed us that she 
had lost 5 pounds (2.3 Kg.), that new lesions had appeared on the scalp and that 


Fig. 2.—Metastatic carcinoma of the scalp. A (case 3; grade 4) shows undiffer- 
entiated tumor cells filling the lymphatic and the blood vessels, which are oa 
rounded by a dense fibrous capsule in B (case 4; grade 3) ; the arrangement of the 
cells suggests a carcinoma of the sweat glands. 


she complained of a constant pain in her thorax, The patient died in March 1929, 
after development of more nodules in the scalp and an increase in the pain in the 
thorax. A roentgenogram of the thorax was reported to show carcinoma of the 
left lung. Shortly before death the patient began to suffer from severe jaundice 
with gastrointestinal symptoms. Postmortem examination was not performed. 


SRR: 


676 ARCHIVES OF SURGERY 


METASTATIC CARCINOMA 


A cutaneous metastatic lesion has no characteristic clinical appear- 
ance. Most of such tumors are nodular and circumscribed rather than 
of the infiltrative plaque type. The nodules are usually discrete, round 
or oval and are moderately firm on palpation. 

Suzuki * found that the lesions in 98.4 per cent of his cases and also 
the lesions in those cases he collected from the literature were of the 
circumscribed, nodular type. Usually there is no attachment to the 


te? 


Fig. 3 (case 4).—Metastatic adenocarcinoma of the scalp. A shows the char- 
acter of undifferentiated cells, with many mitotic figures and a tendency toward 


— of alveoli; B shows approximation to epidermis and invasion by tumor 
cells. 


overlying skin. Rarely is a patient encountered who has discrete, sclero- 
dermatous-like plaques independent of carcinoma en cuirasse of the 
breast. Lesions more than 4 cm. in diameter are relatively uncommon, 
as is also ulceration. There are no diagnostic changes in color or in 
pigmentation. The lesions may be multiple or solitary. 


1, Suzuki, N.: Multiple Skin Metastases from Cancer of Internal Organs, 
J. Cancer Research 2:357-388 (Oct.) 1918. 
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Cases of solitary metastatic lesions, with or without satellite lesions, 
have been reported (case 1). Microscopically, the malignant cells are 
usually found in the lower portions of the cutis, with extension both 
upward toward the epidermis and downward toward the subcutaneous 
tissue. Ulceration of the epidermis usually occurs as the result of pres- 
sure phenomenon rather than as the result of invasion of the epidermis 
by tumor cells. Proliferation of the connective tissue and inflammatory 
reaction in varying degrees are associated with the metastatic nodules. 

When results of staining procedures for mucin are positive, the 
implication is that the primary carcinoma probably is situated in the 
gastrointestinal tract. Usual primary sites of internal carcinomas that 
have cutaneous metastasis are encountered, according to Gates,’ in the 
lung in 12 per cent of the cases, in the stomach in 15 to 31 per cent, in 
the uterus in 9 per cent and in the kidney in 9 per cent. 

Cutaneous metastasis may occur at any age, extensive cutaneous 
metastasis of thymic carcinoma having been reported as existing in a 
newborn infant. As a rule, metastatic lesions are encountered in 
patients in the later decades of life. As to the frequency of cutaneous 
metastasis, statistics vary from less than 1 per cent to 2.7 per cent of 
cases.* Gates emphasized that although most metastatic lesions in the 
cases she studied were confined to the region of the growth, some tumors 
had a predilection for the scalp, namely, 33 per cent of carcinomas of the 
breast and 20 per cent of other carcinomas. The observations of Gates 
were substantiated by a review of the cases of cutaneous metastasis 
involving patients that have been seen at the Mayo Clinic, including the 


cases of carcinoma of the breast, which we have omitted from general 
discussion. 


Keeney * stated that metastasis in the skin is a more frequent 
accompaniment of carcinoma of the trachea than it is of carcinoma of 
the larynx or of a bronchus. 

Edel * said he had observed that cutaneous metastasis from cancer 
of the intra-abdominal organs afflicted most frequently those patients 
who had carcinoma of the stomach. 


2. Gates, O.: Cutaneous Metastases of Malignant Disease, Am. J. Cancer 
30:718-730 (Aug.) 1937. 

3. Bedford, G. V.: A Case of Carcinoma of the Thymus with Extensive 
Metastasis in a New-Born Child, Canad. M. A. J. 23:197-202 (Aug.) 1930. 

4. (a) McWhorter, J. E., and Cloud, A. W.: Malignant Tumors and Their 
Metastases: A Summary of the Necropsies on Eight Hundred and Sixty-Five 
Cases Performed at the Bellevue Hospital of New York, Ann. Surg. 92:434-443 
(Sept.) 1930. (b) Gates.2 

5. Keeney, E. L.: Primary Carcinoma of Trachea with Cutaneous Carcinoma- 
tosis, Bull. Johns Hopkins Hosp. 61:411-420 (Dec.) 1937. 

6. Edel, E.: Ueber Hautmetastasen bei Magenkarzinom, Arch. f. Verdau- 
ungskr. 53:402-415 (May) 1933; abstracted, Am. J. Cancer 21:134, 1934. 
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We shall now consider various conditions with which metastatic car- 
cinomas of the scalp are most likely to be confused. The simultaneoys 
occurrence of multiple primary neoplasms both of the skin and of inter- 
nal organs is an infrequent but not a rare phenomenon, and is to be 
differentiated from metastatic lesions by concomitant observations.’ 
Ordinary types of basal and of squamous cell epithelioma, with their 
characteristic early borders, and melanoepitheliomas need only to be 
mentioned. With rapidly growing metastatic melanomas in which pig- 
ment is lacking, diagnosis may be difficult, clinically or pathologically, 
More difficult is the distinction between solitary and multiple lesions of 
different types of lymphoblastoma involving the scalp, lesions which may 
arise primarily, from the skin itself, or secondarily, as a result of exten- 
sion from within. In neoplasms of any type which show a grade 4 
degree of malignancy the cells may be so immature as to make it difficult 
to recognize or to distinguish between carcinoma and lymphosarcoma.’ 
Tauber’s case ®° may be regarded as an example of this difficulty. 


SEBACEOUS CYSTS 


Sebaceous cysts, either solitary or multiple, occur most frequently on 
the scalp, and when they are calcified or fibrotic they may closely simulate 
in appearance and in firmness to palpation the nodules of metastatic car- 
cinoma. Malignant change has been reported as occurring in sebaceous 
cysts in from 2.2 per cent *° to 3.4 per cent ** and even in 9.2 per cent * 
of the cases. In 15 per cent of such cases, basal cell epithelioma devel- 
ops.** The other lesions are squamous cell epitheliomas with a varying 
degree of malignancy. These lesions should not be regarded as pre- 
cancerous in the true sense of the term.** Sebaceous cysts must be dis- 


7. (a) Hanlon, F. R.: Multiple Primary Carcinomas, Am. J. Cancer 15:2001- 
2012 (July) 1931. (b) Hurt, H. H., and Broders, A. C.: Multiple Primary Malig- 
nant Neoplasms, J. Lab. & Clin. Med. 18:765-777 (May) 1933. 

8. (a) Broders, A. C.: Carcinoma in Situ Contrasted with Benign Penetrating 
Epithelium, J. A. M. A. 99:1670-1674 (Nov. 12) 1932. (b) Montgomery, H.: 
Histogenesis of Basal-Cell Epithelioma, Radiology 25:8-23 (July) 1935. 

9. Tauber, E. B.; Goldman, L., and Barrett, C.: Mesenchymoma: A New 
Type of Turban Tumor, Arch. Dermat. & Syph. 37:444-450 (March) 1938. 

10. Stone, M. J., and Abbey, E. A.: Sebaceous Cyst: Its Importance as a 
Precancerous Lesion, Arch. Dermat. & Syph. 31:512-515 (April) 1935. 

11. Caylor, H. D.: Epitheliomas in Sebaceous Cysts, Ann. Surg. 82:164-176 
(July) 1925. 


12. Bishop, E. L.: Epidermoid Carcinoma in Sebaceous Cysts, Ann. Surg. 
93:109-112 (Jan.) 1931. 


13. Collins, D. C.: Carcinoma Originating in Sebaceous Cysts, Canad. M. A. J. 
35 : 370-372 (Oct.) 1936. 


14. Montgomery, H.: Precancerous Dermatosis and Epithelioma in Situ, Arch. 
Dermat. & Syph. 39:387-408 (March) 1939. 
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tinguished also from keratomas and dermoid cysts.** Puncture of the 
ordinary sebaceous cyst and expression of the odoriferous contents 
usually establishes the diagnosis. Gates * mentioned that the cutaneous 
metastatic lesions of renal carcinoma are most likely to be mistaken for 
sebaceous cysts, especially in the scalp. 


CYLINDROMA 


The term “cylindroma” includes the endothelioma capitis of Spiegler, 
turban tumor of the scalp, naevus epitheliomato-cylindromatosus, naevo- 
epithelioma adenoides and various other names.’* In its classic form of 
multiple pea-sized to egg-sized tumors which are limited to the scalp, the 
disease is not to be confused with any other condition. 

Cylindroma, however, can occur in the form of a solitary lesion, as 
Binkley ** has emphasized. Of 6 instances of the condition encountered 
at the Mayo Clinic, in 5 there was a solitary tumor, and in 3 of these the 
growth involved the forehead or scalp. In 1 instance there were a typical 
cylindroma of the scalp and a typical epithelioma adenoides cysticum of 
the upper lip (fig. 4 4 and B). Ingels,?* working with one of us (Mont- 
gomery), and others*® have emphasized that all transitions between 
cylindroma, epithelioma adenoides cysticum, syringoma and even ade- 
noma sebaceum may be encountered in the same patient and even in the 
same lesion. All four of these conditions may be regarded as benign 
types of basal cell epithelioma with a marked hereditary tendency,”® and 


15. (a) Broders, A. C., and Wilson, E.: Keratoma: A Lesion Often Mistaken 
for Sebaceous Cysts, S. Clin. North America 10:127-130 (Feb.) 1930. (b) Dealy, 
F. N.: Wens, Am. J. Surg. 36:132-136 (April) 1937. 

16. (a2) Ewing, J.: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders 
Company, 1928. (b) Ronchese, F.: Multiple Benign Epithelioma of the Scalp 
(Turban Tumors), Am. J. Cancer 18:875-887 (Aug.) 1933. (c) Stillians, A. W.: 
Nevo-Epithelioma Adenoides (Cylindroma) of the Scalp, Arch. Dermat. & Syph. 
27:481-489 (March) 1933. 

17. Binkley, G. W.: Naevus Epitheliomato-Cylindromatosus, Arch. Dermat. 
& Syph. 37:289-300 (Feb.) 1938. 

18. Ingels, A. E.: Epithelioma Adenoides Cysticum with Features of Syrin- 
goma, Arch. Dermat. & Syph. 32:75-85 (July) 1935. 

19. (a) Gans, O.: Naevus Epithelioma-Cylindromatosus, in Histologie der 
Hautkrankheiten, Berlin, Julius Springer, 1928, vol. 2, pp. 295-303. (b) Savatard, 
L.: Epithelioma Adenoides Cysticum, Brit. J. Dermat. 50:333-341 (July) 1938. 
(c) Schuermann, H., and Weber, K.: Beitrag zur Kenntnis der Spieglerschen 
Tumoren (Cylindrome) nebst einigen Bemerkungen zum Epithelioma adenoides 
cysticum, Arch. f. Dermat. u. Syph. 175:682-695, 1937. (d) Stillians.1% (e) Weid- 
man, D., in discussion on Stillians.1¢ 

20. (a2) Wiedmann, A.: Weitere Beitrage zur Kenntnis der sogenannten Zylin- 
drome der Kopfhaut, Arch. f. Dermat. u. Syph. 159:180-187, 1930. (b) Ingels.2® 
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unless they are subjected to repeated irritation and trauma or to improper 
or incomplete removal they rarely, if ever, become malignant and 
metastasize. 

Although cylindroma is usually confined to the scalp, it may be 
encountered anywhere on the glabrous skin. Spiegler stated that ‘such 
tumors are endotheliomas. Other authors have expressed the Opinion 
that the cells are derived from sweat glands,”* sebaceous glands,’ surface 
epithelium or hair follicles;** still others have said that they are 
derived from undifferentiated ectoderm.** In several instances, one of 
us (Montgomery) has been able to trace the connection of a cylindroma 
to the basal cells of the epidermis, and in none of the cases of cylindroma 


Fig. 4—Cylindroma of the scalp and a lesion on the lip of the same patient. 
A, cylindroma (nevus epithelioma cylindromatosis) of the scalp, depicting lobules 
of small basal-like cells surrounded by hyalin-like membrane and also hyaline 
changes of individual cells within the lobules; B, lesion from the lip, showing the 
typical picture of epithelioma adenoides cysticum and the arrangement of basal 
cells arising from the walls of dilated and hyperkeratotic hair follicles, as well as 
cystic changes. 


21. (a) Davies, J. H. T.: A Contribution to the Histology of the Cylindrom- 
atous Tumours of the Scalp, Brit. J. Dermat. 40:241-246 (June) 1928. (0) 
Jones, J. W.; Alden, H. S., and Bishop, E. L.: Turban Tumor, or Sweat Gland 
Carcinoma: So-Called Endothelioma of the Scalp; Report of a Case Illustrating 
Its Epithelial Structure, Arch. Dermat. & Syph. 26:656-659 (Oct.) 1932. 

22. (a) Pinkus, F., cited by Stillians.1% (b) Stillians.16¢ 

23. (a) Binkley.17 (b) Weidman.?% 
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observed at the Mayo Clinic has any connection been established between 
cylindromas and mature sweat ducts or sweat glands. 

' The histologic picture of cylindroma is that of a benign basal cell 
epithelioma. The tumor is composed of closely packed lobules and 
strands of cells which are surrounded by dense homogeneous hyalin-like 
sheaths, which Pinkus *** has likened to the membrane of the outer 
sheath of the hair root. The cells within the lobules frequently arrange 
themselves in alveoli or in tubules, simulating sweat ducts and sweat 
glands (fig. 5A). Cystic and hyalin-like changes occur between these 
strands and also intracellularly. Mitotic figures are infrequent, and all 
the tumor cells are well formed and show no appreciable evidence of 
immaturity as compared with the normal basal cells of the epidermis. 


CARCINOMA OF THE SWEAT AND SEBACEOUS GLANDS 


Carcinoma of the sweat and sebaceous glands is among the rarest of 
dermatologic entities and has recently been reviewed by several authors.** 
It is our impression, however, that many of these lesions have been classi- 
fied as carcinoma of the sweat glands on the basis of the presence of 
so-called myoepithelium, whereas they were simply cylindromas. 

In fact, Ricker and Schwalb ** failed to distinguish between cylin- 
droma and sweat gland epithelioma. Cases reported in this country by 
Jones, Alden and Bishop*® seem to be definitely instances of 
cylindroma rather than of carcinoma of the sweat glands. We have yet 
to observe a definite case of carcinoma of the sweat glands in which by 
serial section or by wax reconstruction the tumor’s origin from mature 
sweat glands could be demonstrated. 

Weidman and Besancon ** described an adenoma of the sweat glands 
occurring on the shoulder of a patient, and also epithelioma adenoides 
cysticum of the face. No connection could be demonstrated by serial 
section or wax reconstruction of the sweat gland adenoma with the 


24. (a2) Dupont, A.: Epithéliomas sébacés multiples 4 point de départ épider- 
mique, Bull. Soc. franc. de dermat. et syph. 45:704-709 (May) 1938. (b) Favre, 
M.; Josserand, A., and Martin, J. F.: Cancers des glandes annexes de la peau: 
Epithéliomas sudoripares et sébacés, in Darier, J., and others: Nouvelle pratique 
dermatologique, Paris, Masson & Cie, 1936, vol. 6, pp. 768-786. (c) Flarer, F.: 
Considérations histogénétiques et cliniques sur les épithéliomes cutanés de dériva- 
tion glandulaire sudoripare, Ann. de dermat. et syph. 6:1073-1106 (Dec.) 1935. 
(¢d) Loos, H. O.: Die Carcinome der Anhangsgebilde der Haut, Arch. f. Dermat. 
u. Syph. 174:465-510, 1936. (e) Muller, P.: Deux cas d’épithéliome sudorifére, 
Bull. et mém. Soc. d. chirurgiens de Paris 22:741-744 (Dec. 5) 1930. 

25. Ricker, G., and Schwalb, J.: Die Geschwiilste der Hautdriisen, Berlin, 
S. Karger, 1914, 


26. Weidman, F. D., and Besancon, J. H.: Histologic Differences in “Syrin- 
goma” of the Face and Shoulder, Arch. Dermat. & Syph. 21:279-293 (Feb.) 1930. 
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mature sweat glands. There is a tendency to ascribe some 
the sweat glands to apocrine glands, 
of their origin from such glands. 


Carcinomas of 
again without morphologic proof 


Fig. 5.—A, solitary cylindroma of the fo 
alveolar arrangement of tumor cell 
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Loos “4 mentioned that true carcinoma of the sweat glands some- 
times occurs on the soles and the genitalia and in some instances merges 
with nevoid and hidradenoid types. Metaplasia of sweat ducts to 
sebaceous cells and mucous glands can occur.?? 

Loos **4 spoke of local recurrence following excision, but distant 
metastasis is known. Flarer*** declared that involvement of the 
regional lymph glands may be found. Clinical distinction between car- 
cinoma of the sweat glands and that of the sebaceous glands is not always 
possible. 

Various types of lesions have been described under the term “car- 
cinoma of the sebaceous glands.” Again, those lesions of the basal cell 
type, called “carcinoma sebaceum baso-cellulare” by the French school, 
seem to be essentially varieties of ordinary basal cell epithelioma in which 
the basal cells ** of the epidermis or of the membrane of the sebaceous 
glands may also participate in the process and in which some of the basal 
cells tend to differentiate to sebaceous cells rather than to basal or prickle 
cells." These lesions may be regarded as relatively benign, as may 
also those arising from sweat glands or from sebaceous glands and from 
meibomian-Zeiss glands, and those in relation to sebaceous nevi and 
sebaceous adenoma and epithelioma adenoides cysticum. Carcinomas of 
the sebaceous glands exhibit no diagnostic clinical features. They are 
usually yellowish nodules and are most frequently found in the scalp, the 
neck and the axillas. 

We believe that Cutler’s and Buschke’s ** estimate that adenocarci- 
noma has formed 2 per cent of all skin cancers probably sets too high a 
figure. 

True carcinoma of the sebaceous glands, however, may occur as an 
adenocarcinoma, with or without features of squamous cell epithelioma 
of varying degrees of malignancy (fig. 5B). We have seen 4 such car- 
cinomas of the sebaceous glands at the Mayo Clinic. Two of these 
occurred on the back of the neck, and the others occurred about the 
genitalia. Metastasis is of infrequent occurrence even in connection with 
this type of lesion. 

SUMMARY AND CONCLUSIONS 


1. Cutaneous metastasis of internal carcinoma may be limited to the 
scalp. Four cases of such metastasis are reported, in 1 of which diag- 
nosis was established only after microscopic examination of the metas- 
tatic nodule. 


2. In regard to cutaneous metastasis, certain types of internal cancer 
have a predilection for metastasizing to the scalp. It is important to 


27. Walther, M., and Montgomery, H.: Schweissdriisentumor mit Epithelmeta- 
plasie, Arch. f. Dermat. u. Syph. 163:420-426, 1931. 

28. Cutler, M., and Buschke, F.: Cancer: Its Diagnosis and Treatment, 
Philadelphia, W. B. Saunders Company, 1938. 
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distinguish these metastatic lesions from sebaceous cysts, cylindroma 
and carcinoma of the dermal appendages. Such differentiation may 
require careful histologic study as well as consideration of the clinical 
history and of the course of the lesions concerned. 

3. True carcinoma of the sweat glands is exceedingly rare. Many 
lesions diagnosed as such probably should be classified as cylindroma, 
which is essentially a benign lesion. 

4. Careful examination of the skin of the entire body and especially 
of the scalp of the patient should be made in instances in which an 
internal malignant process is suspected. Histologic studies of the 
cutaneous lesions may establish a definite diagnosis without necessity 
for resorting to exploratory operation or other major surgical procedures. 
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CLINICAL CLASSIFICATION OF LESIONS OF THE 
LOWER EXTREMITIES ASSOCIATED 
WITH DIABETES 


A GUIDE FOR OPERATION AND THE LEVEL OF AMPUTATION 


FREDERICK W. WILLIAMS, M.D. 
AND 


THOMAS J. O’KANE, M.D. 
NEW YORK 


Lesions of the lower extremities associated with diabetes can be 
classified by purely clinical methods. This classification can be used 
as a guide for operation and will indicate which lesions. 


1. Can be treated conservatively 

2. Require operation 

3. Present urgent indications for treatment 
4. May be incised safely 

5. Will heal with amputation of the toe 
6. Require amputation at the calf 

7. Require amputation at the thigh 


Until recently, all the lesions have been vaguely grouped under the 
term “diabetic gangrene.” The first suggestion of classification was 
made by Root and McKittrick when they called attention to the fact 
that some lesions are vascular and some infectious. In the light of 
recent progress in the diagnosis of diseases of the peripheral vascular 
system and our own observations in many cases,’ we have elaborated a 
practical clinical routine of examination. From the application of this 
careful examination we have derived our classification and guide for 
surgical procedure. 

CLASSIFICATION 


The lesions consist of two fundamental pathologic elements: 
(1) arterial insufficiency (due to sclerosis) and (2) infection. 


1. Williams, F. W., and O’Kane, T. J.: Mortality in Surgical Diabetes: 
Criteria and Technique in Extremity Lesions; Five Year Study of Four Hundred 
and Ninety-Six Cases, Surg., Gynec. & Obst. 64:956-963 (May) 1937. O’Kane, 
T. J., and Williams, F. W.: Care of Diabetic Extremity Lesions, S. Clin. North 
America 18:369-377 (April) 1938. 
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To classify lesions consisting of two elements there must logically be 
three classes (table 1). 


1. Purely vascular (“four plus”) 


2. Purely infectious (“four plus”) 
3. Mixed 


Mixed lesions, consisting of combinations of both elements, must be 
considered according to the degree in which each element is present 
(arterial impairment and infection). We feel that arterial insufficiency is 
more important and therefore have arbitrarily subclassified the mixed 


lesions according to the degree of arterial impairment in an infected 
limb (table 1). 


2 TaBLe 1.—Classification of the Lesions of the Lower Extremities 
3 Associated with Diabetes 


Criteria 


Marked arterial insufficiency 
Vascular (“Four plus { Initial gangrene 


| No infection 


{ Marked arterial insufficiency 
{ Initial gangrene 
| Infection superimposed 


“Three plus vascular” 


Moderate arterial insufficiency 


| 
| 


f 
Mixed { Initial infection 
| Gangrene superimposed 
{ Slight arterial insufficiency 
| No gangrene 


{ No arterial insufficiency 
Infectious (“‘Four plus infectious’”’)...................... { Initial infection 


| No gangrene 


A lesion presenting marked arterial insufficiency with infection is 
called a “three plus vascular mixed lesion.” 


A lesion presenting moderate arterial insufficiency with infection is 
called a “two plus vascular mixed lesion.” 

A lesion presenting slight arterial insufficiency with infection is called 
a “one plus vascular mixed lesion.” 


Clinically these lesions in the great majority of cases have typical 
histories and courses. 


CRITERIA 
The criteria for the classification are as follows (table 1). 
1. Purely Vascular Lesions —There is evidence of marked arterial 


insufficiency ; these lesions are initially gangrenous (death of tissue in 
toto) and infection is not present (fig. 1). 
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2. Purely Infectious Lesions.—There are no signs of arterial insuffi- 
ciency. The lesion is initially infectious. There is no gangrene (fig. 2). 
3. Mixed Lesions—(a) Three Plus Vascular Mixed Lesions: There 
are marked signs of arterial insufficiency with infection (fig. 3). These 
lesions are in the great majority of cases initially gangrenous. They 
usually are lesions which were at first purely vascular (fig. 3.4) and 


Fig. 1—A, purely vascular superficial lesion. B, purely vascular localized lesion. 
C, purely vascular extensive lesion. D, purely vascular, very extensive lesion. 


while waiting for demarcation became infected (fig. 3B). Occasionally, 
however, a case is seen in which there are signs of marked basic arterial 
insufficiency and an infection but not gangrene. In such a case there 
is usually adequate collateral circulation, but such cases are rare. 

(b) Two Plus Vascular Mixed Lesions: There are moderate signs of 
arterial insufficiency with infection. In the great majority of these 
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cases, the process starts as an infection, and the edema and swelling 
concomitant with infection cause impairment of the collateral circulation, 
by compression and superimposed gangrene (fig. 4). 


Fig. 3.—A, initial lesion, purely vascular and localized. 8B, ultimate lesion, 
“three plus vascular mixed.” The infection was superimposed on the initial 
gangrene. 


(c) One Plus Vascular Mixed Lesions: There are slight signs of 
arterial insufficiency with infection. In the great majority of cases 
the process is initially an infection which progresses or heals slowly 
but in which gangrene does not develop (fig. 5). 
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Fig. 4—Lesion (“two plus vascular mixed”) was originally an infected corn. 
The patient was a Negro. There was edema of the dorsum of the foot, which 
compressed the collateral vessels, causing gangrene (proximal). 


Fig. 5—“One plus vascular mixed” lesion. Slight impairment of the circulation 
retarded the healing of an infected corn, but gangrene did not occur. 
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Thus, it is readily understood that the lesions occurring in diabetic 
extremities may be simply classified according to the degree of arterial 
impairment and infection and the course of the lesion. 


CLINICAL ROUTINE 


Table 2 is an outline of the routine clinical examination by which we 
determine the degree of arterial impairment and the severity and extent 
of the infection. Under “Signs and Symptoms” we have tabulated the 
clinical observations made routinely in our cases. These include systemic 
and local findings. The important systemic findings are age, concomitant 
disease and evidences of sclerosis and infection. The local findings 
include all clinical observations of the lesion and of the foot and leg for 
study of the vascular and infectious condition. The center column 
indicates whether the observation is for a vascular or for an infectious 
lesion. These observations have been tabulated against the classifica- 
tion. In the vertical columns, under each class of lesion is an adverb 
of degree giving a conception of the frequency of occurrence of the find- 
ing. If one reads each column of the table from the top down, under 
each class one reviews a series of clinical observations, and these form 
a definite clinical concept which fits the classification. In this manner, 
we are able clinically, without instruments, to arrive at a definite con- 
clusion as to the degree of arterial insufficiency and the severity and 
extent of infection. 


GUIDE FOR SURGICAL TREATMENT 


In considering surgical treatment of lesions of the lower extremities, 
we feel that the classification given serves as an excellent guide. When 
operation is indicated, it must be done only at a level where the circula- 
tion is competent to cope with the trauma of operation. The severity 
and extent of the infection must also be considered in deciding which 
procedure is indicated. 

With these concepts in mind, the classification may be considered a 
guide for operation (table 3). 

The great majority of purely vascular superficial lesions (fig. 1 4) 
do well without operation. Great care must be taken to avoid infection. 
These lesions take a long time to heal but do heal eventually. 

With purely vascular lesions which are localized (fig. 1 B) to a toe 
or to part of a toe, there is no urgency if they remain uninfected. If they 
do not show signs of demarcation and autoamputation after a sufficient 
time, amputation is indicated. The circulation will not permit amputa- 
tion of the toe, however. The levei of the calf or that of the thigh must 
be selected, depending on the results of circulatory examination of the 
limb. For the extensive (figs. 1C and 1D) purely vascular lesions, 
if they extend above the base of the toe (fig. 2), prompt amputation 


at the 
on the 

Fo 
the su 
spreac 
and d 
circul. 

Te 
area 1 
to Wi 
three 
There 


TABLE 


Infecti 
“ F 


fore 

mixe 
case: 
whe 
amp 
whe: 
loca! 
spre 


esti 
exte 


clin 
tion 
ext 


> 
=— 
Vascul: 
Mixed 
oT 
“O 
| = 
; j amy 


ibetic 
terial 


h we 
xtent 
d the 
temic 
litant 
dings 
g for 
umn 
tious 
sifica- 
dverb 
} find- 
under 
form 
inner, 
con- 
y and 


nities, 
When 
rcula- 
verity 
which 


red a 


1 A) 
ction. 


a toe 
f they 
ficient 


\puta- 

must 
of the 
sions, 
tation 


WILLIAMS-O’KANE—DIABETIC LESIONS 693 


at the calf or at the thigh is indicated, the level of amputation depending 
on the circulation. 

For the purely infectious lesions, with the basic circulation good, 
the surgical indications are quite different. Superficial, localized and 
spreading infections are treated by conservative methods or by incision 
and drainage. This must be carefully done to avoid trauma, maintain 
circulation and assure drainage. 

To the mixed types of lesions the same principles apply. The infected 
area must be drained or removed and the circulation must be adequate 
to withstand the trauma of operation and to facilitate healing. The 
three plus vascular mixed lesions (fig. 3) are the most dangerous. 
There is marked vascular impairment together with infection, and there- 


Taste 3.—Surgical Procedures in the Light of the Classification of Lesions of the 
Lower Extremities Associated with Diabetes 


Character of 
Classification Lesion Surgical Procedures 


Vascular 
“Pour plus vascular” Superficial No operation 
Localized Amputation at calf if collateral circulation is good 
Extensive Amputation at thigh (urgent) 


Mixed 
“Three plus yascular”’ Spreading Amputation at thigh (urgent) 
“Two plus vascular’ Spreading Amputation at calf (urgent) 
“One plus vascular’ Superficial No operation 


Localized Incision and drainage: amputation of toe 
Spreading Amputation at calf (urgent) 


Infectious 
“Four plus infectious” Superficial No operation 
Localized Incision and drainage 
Spreading Incision and drainage (urgent) 


fore amputation at the thigh is urgently required. The two plus vascular 
mixed lesions (fig. 4), because of the better circulation, can in most 
cases be amputated at the level of the calf. The only exception occurs 
when the infection has already spread to the calf; in such a case, 
amputation at the thigh is indicated. The one plus vascular mixed lesions 
when superficial (fig. 5) may heal under conservative treatment. If 
localized, they sometimes require incision or amputation of the toe. If 
spreading, they require amputation at the level of the calf. 

These indications are all shown in table 3. The basic principle is an 
estimation of the degree of arterial insufficiency and the severity and 
extent of infection. 

SUMMARY 


Lesions of the lower extremities associated with diabetes can be 
clinically classified without instrumental observations. This classifica- 
tion is based on the degree of arterial insufficiency and the severity and 


extent of infection and serves as a guide for operation and the level of 
amputation. 
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PERSISTENCE OF MECKEL’S DIVERTICULUM 
REPORT OF A CASE 
CALVIN B. RENTSCHLER, M.D. 


Chief of General Surgery, Reading Hospital 
READING, PA, 


Persistence of Meckel’s diverticulum is exceedingly infrequent. 
Indeed, American textbooks on surgery never mention it. Barrington- 
Ward,’ however, has given an excellent description of the condition. 
Because of its infrequency as well as its apparently total omission in 
American textbooks on surgery, I consider it well worth while to present 
the following case. 


History.—W. S., a boy aged 3 months, was admitted to the Reading Hospital 
June 14, 1939. The chief complaint was that the umbilicus had never healed and 
that a bright red lump shaped like a cherry was present. A brown fecal discharge 
was constantly present, so that a bandage was necessary all the time. 

The previous medical history was irrelevant. The child had been born by normal 
spontaneous labor. He took his feedings well. He was given cow’s milk and 
goat’s milk with his breast feeding at night. His growth and gain in weight had 
been normal. There was no vomiting, and the bowels moved well. 


Examination—The baby was generally well nourished and did not appear ill. 
The head was symmetric, with no tenderness. The aural canals were clean. The 
scleras were clear; the pupils were round and equal and reacted to light. There 
was no nasal discharge or nasal obstruction. The gums were of good color. There 
were no teeth. The tongue was clean and the pharynx not injected. There was no 
adenopathy. The chest was symmetric; the expansion was good and was equal on 
the two sides. The breath sounds seemed normal, with no rales. The heart did 
not seem enlarged, and the sounds were of good quality, with no murmurs. The 
abdomen generally was of normal size and shape. Peristalsis was active and 
normal. There were no areas of tenderness. The liver and spleen were not 
palpable. At the umbilicus there was a moist, bright red, cherry-shaped firm mass. 
From a small dimple in the mass there exuded a thin greenish brown discharge 
with a fecal odor. The external genitalia and the extremities appeared normal. 

The urine was normal. A complete blood count showed: hemoglobin, 75 per 
cent; red cells, 3,760,000 per cubic millimeter; white cells, 8,950 per cubic milli- 
meter; color index, 1; polymorphonuclears, 41 per cent, and small mononuclears, 
59 per cent. 


Diagnosis —A tentative diagnosis of persistence of Meckel’s diverticulum, 
patent throughout and at either end, was made. 

A no. 8 soft rubber catheter was easily inserted into the dimple in the umbilical 
mass. Approximately 50 cc. of a thin solution of barium sulfate was injected into 


1. Barrington-Ward, L.: The Abdominal Surgery of Children, ed. 2, London, 
Oxford University Press, 1937, pp. 21-23 and 257-273. 
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RENTSCHLER—MECKEL’S DIVERTICULUM 695 
the catheter with great ease and with no sign of obstruction. A lateral as well as 
an anteroposterior roentgenogram was taken (see accompanying illustration). 


Operation.—Local anesthesia was induced and was aided by a whisky and sugar 
pacifier. At the beginning of the operation the dimple-like opening in the mass 
was ligated. A circular incision was made in the skin of the umbilicus, close to 
its injunction with the red mass of everted diverticulum. The diverticulum was 
cautiously separated from the umbilical tissue and was easily pulled up approxi- 
mately 2 to 2% inches (5 to 6.3 cm.) to a point where it came off from the ileum 
at right angles from the convex portion of the bowel. The diverticulum was 
removed by clamp and cautery, and the base was doubly ligated. The bowel 
was dropped into the peritoneal cavity. The abdominal opening was closed trans- 
versely with interrupted sutures. The skin was closed with three Michel clips. 


Pathologic Examination—Macroscopic Picture: The specimen consisted of a 
piece of tissue removed from an umbilical opening. The specimen was in the form 
of a tube measuring 5 cm. in length by 1.4 cm. in diameter, to one end of which 


A, lateral roentgenogram of a child with a persistent Meckel diverticulum. 
B, anteroposterior view. 


was attached a circular piece of skin 3.5 cm. in diameter and 0.8 cm. in thick- 
ness. The outer surface of the tubular portion was covered by serosa and con- 
tained a lumen which was patent to a probe. The inner surface resembled mucous 
membrane. There was no gross evidence of pathologic change. 

Microscopic Picture: Transverse sections of the tubular portion of tissue showed 
it to be composed of serosa, two layers of muscularis, submucosa and mucosa. 
All the layers were intact. There was moderate congestion of the muscularis and 
of the serosa. The lumen contained a mucoid secretion and some cellular debris. 
There was no evidence of inflammatory or malignant change. The diagnosis was 
patent vitelline duct. 

Postoperative Course -—The convalescence was entirely uneventful. The patient 
was discharged from the hospital July 1. The general condition was excellent, 
and the wound was entirely healed. At the time of this report, one and a half 
months after discharge from the hospital, the child continues to be normal. 
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EFFECTS OF PRESSURE ON TISSUES 


BARNEY BROOKS, M.D. 
AND 


GEORGE W. DUNCAN, M.D. 
NASHVILLE, TENN. 


The fact that varying degrees of tension exist within the tissues under 
normal conditions is obvious from the general knowledge of such phe- 
nomena as the gaping of wounds and the protrusion of tissues through 
defects in the capsules of organs or enveloping sheaths of fascia. The 
fact that secretions of the organs may accumulate to the point of 
considerable tension in a reservoir such as the gallbladder or the urinary 
bladder is well known to every surgeon. The degree of tension existing 
within the vascular system and the intracranial cavity is a well known 
measure of differentiation between health and disease. To appreciate 
the fact that relatively great pressure is at times exerted on living 
tissues under normal conditions, it is only necessary to realize that 
when walking a man weighing 185 pounds (84 Kg.) exerts on the 
soles of his feet from the weight of the body alone a pressure in excess 
of that needed to support a column of mercury 500 mm. in height. 

That pressure applied from without or developing from within living 
tissues is the cause of pathologic changes is illustrated by the devas- 
tating destruction associated with decubitus ulcer or by the atrophy or 
absorption of tissues about progressively enlarging tumors. The rapid 
development of alterations of tension within the tissue is presumably 
responsible for the pain associated with many infectious lesions, and 
the increase of tension in tissues enclosed by rigid fascia to approximate 
diastolic blood pressure is probably responsible for the throbbing of 
a felon. 

Not only is pressure an important factor in many of the diseases of 
particular interest to the surgeon, but it is almost a universal accompani- 
ment of surgical therapeutics. Every surgeon is familiar with the pos- 
sibility of pressure sores resulting from the application of plaster 
dressings and with the distressing condition known as Volkmann’s 
ischemic contracture which may be produced by the encircling bandage 
too tightly applied. He should also be aware of the fact that every 
suture, every ligature and every use of an artery forceps or retractor 
results in the application of pressure to living tissue. 

Another phenomenon in clinical surgery which has frequently been 
of interest is the apparent great difference in the effects of the same 


From the Department of Surgery, Vanderbilt University School of Medicine. 
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amounts of pressure applied to free and to pedicle skin transplants. 
For example, in a routine radical operation for carcinoma of the breast, 
in which both free and pedicle skin transplants are used in the same 
wound, the amount of pressure necessary to preserve a piece of free 
transplanted skin often causes necrosis of the transplant which remains 
attached to the thoracic wall. The fact that this phenomenon has been 
observed by others is indicated by the presentation of a paper at a recent 
meeting of the American Surgical Association, in which it was stated 
that with large scalping wounds in which the uplifted skin is attached 
by a small pedicle the replaced flap of skin stands a better chance of 
survival if all the pedicle is divided.* 

In spite of, or perhaps because of, the facts that pressure, tension, 
stress and strain are always present in living tissues and often are 
an obviously influential factor in the production of disease and that they 
universally accompany the therapeutic methods peculiar to surgery, 
little has been written on this subject. Hunter? was aware of 
certain pathologic changes resulting from pressure and was suffi- 
ciently interested in the subject to preserve in the museum specimens 
illustrating the conclusions which he had reached. He attempted to 
differentiate the effects of pressure applied from without from the effects 
of pressure applied from within. He stated that pressure applied from 
within produces atrophy of tissues, in sharp contrast to the hypertrophy 
of tissues which follows application of pressure from without. He 
mentioned as an example of the former the atrophy of tissues about a 
growing tumor. As an example of the latter he referred to the formation 
of calluses and bursae at the sites of external application of pressure. 
He recognized that extraordinarily prolonged applications of pressure 
from without might produce necrosis or atrophy. 

Paget * discussed Hunter’s ideas concerning the effects of pressure 
and stated that this was a rare instance in which Hunter was wrong. 
Paget stated the belief that it is not the direction in which pressure is 
made but the constancy of its application which determines its effect 
and that intermittent pressure produces hypertrophy and constant pres- 
sure produces atrophy. It just so happens, he stated, that intermittent 
pressures are usually from without, while constant pressures are usually 
from within. 

The effects of pressure per se on certain physiologic processes have 
been studied extensively. Cattell* reviewed the previous literature 


1. Farmer, A. W.: Ann. Surg. 110:951, 1939. 

2. Hunter, J.: The Complete Works of John Hunter, edited by J. F. Palmer, 
Philadelphia, Haswell, Barrington & Haswell, 1841, p. 441. 

3. Paget, J.: Lectures on Surgical Pathology, ed. 3, Philadelphia, Lindsay & 
Blakiston, 1865. 


4. Cattell, M.: Biol. Rev. 2:441, 1936. 
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dealing with the physiologic effects of pressure on tissue in experiments 
under conditions in which the effect produced could be attributed 
only to pressure and not to the interference with receipt or elimination 
of the products of cell metabolism. The experiments were performed on 
isolated tissues, enzymes and unicellular organisms. The pressures 
used were applied through a fluid medium, and a pressure of 250,000 
pounds (113,500 Kg.) to the square inch was necessary in some experi- 
ments to produce significant change in cell function. 

Rabl® applied external pressure to the long bones of rabbits by 
means of springs and rubber bands. He obtained resorption of a thin 
layer of underlying cortex and a formation of bone adjacent to this 
area of pressure resorption. The amount of pressure applied was not 
measured. 

The transmission of pressures from the surface to the deeper tissues 
was a matter of interest in the development of the present method of 
measurement of blood pressure in clinical medicine. Von Reckling- 
hausen° called attention to the relation between the surface area to 
which the pressure is applied and the depth of its transmission and thus 
explained the fallacy of the high blood pressure estimations previously 
made with narrow cuffs. 

Larsen ‘ performed experiments in which it was shown that massive 
necrosis of the shaft of bone could be produced by measured increase 
in intramedullary pressure. These experiments indicate the possibility 
that increased intramedullary pressure resulting from an acute infectious 
process is an important factor in determining the characteristic pathologic 
changes associated with acute osteomyelitis. 

The present experiments were undertaken for the purpose of deter- 
mining the influence of known amounts of pressure applied for measured 
lengths of time on various specific tissues in living animals. 


MATERIAL AND METHOD 


The experiments were performed on the tail of the albino rat for the following 
reasons : 


1. The animal may be easily restrained so as to permit the application of 
known pressures for relatively long periods of time. 
2. The rat’s tail is remarkably uniform in shape, diameter and length. 


3. The small thickness of the rat’s tail permits the transmission, with little 
loss, of surface pressures to the deeper structures. 


4. The rat’s tail gives an opportunity of studying the effects of pressure on skin 
and its appendages, subcutaneous tissue, muscles, tendons, fascia, ligaments, bone, 
cartilage, blood vessels and nerves (fig. 1). 


5. Rabl, C. R. H.: Arch. f. klin. Chir. 145:515, 1927. 
6. von Recklinghausen, H.: Arch. f. exper. Path. u. Pharmakol. 46:78, 1901. 
7. Larsen, R. M.: Ann. Surg. 108:127, 1938. 
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Fig. 1—Photomicrograph of a cross section of the rat’s tail, showing the 
normal anatomic relation; A represents a large ventral artery; A‘, small lateral 


and dorsal arteries; B, veins; C, muscle; D, tendon; E, nerve; F, caudal vertebra ; 
G, skin; H, hair follicle and sebaceous glands. 


Fig. 2—Roentgenogram of the arteries in the normal rat’s tail. The abdominal 
aorta was injected with a suspension of barium sulfate. Note the large ventral 
artery and the smaller dorsal artery. The two lateral arteries are visible in the 
anteroposterior view. 


| A B 
, 1901. 


700 ARCHIVES OF SURGERY 


5. The anatomy of the blood supply to the rat’s tail is not complex (fig. 2), 
The only part of the rat’s tail to which presumably surface pressure could not be 
applied is that portion within the caudal vertebra. 

6. The rat’s tail is particularly suitable for both gross and microscopic 
examination. 

7. Blood pressure in the rat’s tail has been determined in a large number ot 
experiments by Williams, Wegria and Harrison® and found to be remarkably 
constant, ranging between 110 and 130 mm. of mercury. , 


Fig. 3—Photograph of the apparatus for application of continuous pressure. 
A represents the plethysmograph; B, the rat’s tail; C, the rat holder. In the 
experiments a greater length of the rat’s tail was in the plethysmograph than is 
shown in the photograph. 


The animals employed weighed from 115 to 170 Gm. They were restrained in 
a holder similar to that described by Williams, Harrison and Grollman.® The 


8. Williams, J. R., Jr.; Wegria, R., and Harrison, T. R.: The Relation of 
Renal Pressor Substance to Hypertension of Hydronephrotic Rats, Arch. Int. Med. 
62:805 (Nov.) 1938. 

9. Williams, J. R., Jr.; Harrison, T. R., and Grollman, A.: J. Clin. Investiga- 
tion 18:373, 1939. 
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holder consisted of two telescoping brass cylindric cups, in the bottom of one 
of which there waé a hole through which the rat’s tail protruded. The bottom 
of the other cup was formed by copper screening. The pressure was applied to 
the tail by means of a plethysmograph consisting of a tube similar to the outer 
jacket of a Liebig condenser, through which was passed a thin-walled rubber tube 
securely attached at each end. Two side connections were provided, one for a 
mercury manometer, the other leading to a supply of compressed air through a 
mercury column valve for maintenance of constant pressures over long periods. 
After the rat’s tail had been placed within the rubber tube, pressure was applied 
by admission of air to the space between the glass and the rubber tube (fig. 3). 
One hundred and fifty experiments were performed. The pressures applied 
varied from 20 to 1,419 mm. of mercury. The periods for which pressure was 
applied varied from three to forty-eight hours. After removal of the rats from 
the apparatus, the animals were observed for periods as long as three months. 
Microscopic sections have been obtained from the various stages of pathologic 
change observed. 


RESULTS 


The pathologic changes produced were uniform in character but 
varied somewhat in time of appearance. The gross changes produced 
varied from slight redness of the distal portion of the tail through vari- 
ous degrees of swelling and ulceration to massive necrosis and spon- 
taneous amputation. 

The purpose of the first group of experiments was to determine the 
minimum time and pressure required to produce massive necrosis in 
every instance. This result was considered a standard from which the 
nature of subsequent experiments could be determined. 

In these experiments healthy animals were used, and an attempt 
was made to prevent prolonged experiments from seriously interfering 
with the nutrition of the subjects. Particular care was taken to prevent 
dehydration by providing an adequate supply of water, and all of the 
experiments were carried out at room temperature. 

The results of the experiments summarized in the accompanying 
table show that a pressure of 130 mm. of mercury applied for eighteen 
hours produced massive necrosis in every instance. If the same pressure 
was applied for seventeen hours, gangrene was produced in 7 of 9 
experiments. If the pressure was reduced to 120 mm. and applied for 
seventeen hours, massive gangrene occurred in 2 of 5 experiments. 
Massive gangrene was not produced by any pressure applied for less 
than seventeen hours. 

Gangrene of the entire tail was also produced in every instance by 
maintaining a pressure of 100 mm. of mercury for forty-eight hours. 
A pressure of 80 mm. for forty-eight hours produced gangrene in 4 
of 7 experiments. 
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In the experiments in which gangrene was produced in seventeen 
or eighteen hours, the rat’s tail showed some discoloration at the time 
of removal from the plethysmograph (fig. 4.4). After a few hours a 
progressively increasing edema appeared, and in some instances areas 
of ulceration appeared during the first two or three days, after which 
the tail began to show evidence of desiccation, usually beginning at the 
tip (fig. 4.3). The time required for complete dry gangrene and spon- 
taneous separation varied from three to eighteen days. 

In animals in which gangrene was produced in forty-eight hours 
by a pressure of 100 mm. of mercury the tail appeared more discolored 


Results of Pressure of Varying Degree and Duration 


Number Necrosis of Necrosis of 
Number of of Hours Pressure, Hyperplasia of Distal End Entire 
Animals Applied Mm. Hg Epidermis of Tail Tail 


1 3 23 0 0 0 
1 4 2 0 0 0 
1 4 580 0 0 0 
1 4 1,419 1 0 0 
1 8 90 1 1 0 
1 8 180 1 1 0 
3 10 110 3 3 0 
1 12 100 1 1 0 
1 14 70 1 1 0 
5 14 80 5 5 0 
1 14 160 1 1 0 
1 16 160 1 1 0 
5 17 120 2 3 2 
1 v7 160 1 1 0 
9 17 130 2 2 7 
6 18 70 6 6 0 
ll 18 80 10 10 1 
3 18 110 3 3 0 
6 18 120 4 4 2 
15 18 130 0 0 15 
1 18 160 0 0 1 
1 20 7 1 1 0 
4 24 80 3 3 1 
4 24 100 3 3 1 
1 30 80 0 0 1 
1 36 80 0 0 1 
4 36 100 2 2 2 
1 48 20 1 1 0 
7 48 80 3 3 4 
14 48 100 0 0 14 


at the time of removal, and less edema developed. The average time 
required for desiccation and spontaneous amputation was approximately 
the same as in the experiments in which a pressure of 120 to 130 mm. 
was applied for seventeen to eighteen hours. 

In some experiments in which the factors of pressure and time had 
been adequate to insure the development of gangrene it was found that 
the tail would bleed if sectioned at the tip as long as forty-eight hours 
after removal from the plethysmograph. In 5 experiments in which the 
rat’s tail had been subjected to the standard conditions for insuring 
the production of massive gangrene, the animals were killed immediately, 
twenty-four hours and forty-eight hours after removal from the plethys- 
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mograph, and the abdominal aorta was injected with a suspension 
of barium sulfate in water. Roentgenograms of the tail showed in each 
instance all of the major arteries of the tail patent (fig. 5). 

The pathologic changes resulting from the application of pressure 
for periods insufficient to produce massive necrosis of all the tissues are 


Fig. 4—A, photograph of the rat’s tail immediately after removal from the 
plethysmograph. A pressure of 130 mm. of mercury had been applied for eighteen 
hours. There is only slight discoloration. The part of the tail subjected to 
pressure subsequently became gangrenous. B, photograph of the rat’s tail two days 
after removal from the plethysmograph in the same experiment. Note the extensive 
dry gangrene. Spontaneous amputation subsequently occurred. 


of equal importance and perhaps greater interest than determination 
of the time and pressure necessary to produce massive gangrene. 
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Excessive pressures, e.g., 1,419 mm. of mercury, may produce 
evidences of slight damage to the tissues in as short a time as four 
hours, but in general it may be said that pressures considerably in excess 
of arterial tension, e. g., 200 mm. of mercury, may be applied for as much 
as six hours without producing any gross anatomic change other than a 
period of hyperemia and slight edema. If, however, pressures in excess 
of 70 mm. of mercury are applied for periods longer than twelve hours, 
unmistakable anatomic pathologic changes almost universally result, 
although the distribution of these changes among the several tissues and 
the degree of change in any one tissue are not constantly produced by a 
particular combination of pressure and duration of application. 

Perhaps the most constant change observed in these experiments 
was epithelial hyperplasia in both the epidermis and the cutaneous 
appendages, producing greatly increased scaling and the formation of 


Fig. 5.—Roentgenogram of the rat’s tail in an experiment in which the aorta 
was injected with a suspension of barium sulfate forty-eight hours after removal 
of the tail from the plethysmograph, in which a pressure of 130 mm. of mercury 
had been applied for eighteen hours. Note that the injection mass has filled the 
three largest arteries approximately the same as a similar injection in a normal 
control animal (shown in figure 2). 


thick crusts. After exfoliation of the crusts the tail lost its natural 
cutaneous markings and became slick. Microscopic sections showed a 
marked increase in the thickness of the epithelium of the skin, hair 
follicles and sebaceous glands. The epithelial cells showed the usual 
changes accompanying an active hyperplasia. The changes in the epithe- 
lium were most marked in the experiments in which the factors of pres- 
sure and time were only slightly short of those necessary to produce 
gangrene (fig. 6). 

The changes produced in muscle were of particular interest because 
of their bearing on the previously debated pathogenesis of ischemic 
contracture following the application of constricting dressings or liga- 
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equally to all of its structures. In 2 experiments the successive stages compl 
of the development of fibrosis, for the most part confined to the muscles, and s 
were studied in portions of the tail removed at intervals after the applica- Inle 
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Fig. 7—Photomicrograph showing replacement of muscle by fibrous tissue. 4 
represents a tendon; B, degenerating muscle cells; C, fibrous connective tissue. 
Section was made eleven days after subjection to a pressure of 160 mm. of 
mercury for fourteen hours. 


tion of pressure. The most marked muscle fibrosis was observed in 
experiments in which pressure was applied for fourteen to sixteen hours. 
In such experiments it was observed that the rats’ tails were apparently 
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completely paralyzed at the time of removal from the plethysmograph 
and subsequently showed marked deformities suggesting contractures. 
In 1 experiment, in which a pressure of 160 mm. of mercury was applied 
jor fourteen hours, the pathologic changes in the tail were studied at 
intervals for twelve days, during which time there occurred progressive 
sclerosing myositis and replacement of muscle fibers by fibrous tissue 


Fig. 8—Photomicrograph of a cross section of the rat’s tail twenty-three days 
aiter subjection to a pressure of 120 mm. of mercury for seventeen hours. The 
scarring has involved almost all the structures, producing a mass of fibrous tissue. 
V’, large ventral artery. 


(figs. 6 and 7). In another, in which a pressure of 120 mm. of mercury 
was applied for seventeen hours, the sclerosing process extended to 
other structures, so that the rat’s tail twenty-three days after removal 


’ the pressure was composed almost entirely of a mass of scar tissue 
g. 8). 
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The results obtained in these experiments in which anemia was pro- 
duced by direct pressure on tissues bear a definite relation to the results 
of the experiments of one of us (Brooks **), in which the effects op 
muscle of anemia produced by tourniquets and ligations of arteries and 
veins were studied. It was found that gangrene was produced in a dog’s 
leg by the application of a tourniquet for seventeen hours and that 
fibrosing myositis could be produced in a single muscle by venous 
obstruction if there was no arterial obstruction. This pathologic change 
was concluded to be initiated by capillary damage produced by greatly 
increased intracapillary pressure. It was also concluded that fibrosis 
could be produced by temporary complete anemia if the period of anemia 
was just long enough to produce capillary damage. It was pointed out, 
however, that the relatively small difference in the duration of arterial 
obstruction required to produce selective capillary damage and that in 
which massive necrosis would ensue and the ease with which sclerosing 
myositis could be produced experimentally by obstruction of veins made 
it seem most likely that most of the ischemic contractures observed in 
clinical practice would be produced by the latter method. 


CONCLUSIONS 


The results of the experiments described in this paper justify the 
following statements. It is worth emphasizing again that these experi- 
ments deal only with the temporary application of pressure for periods 
of less than forty-eight hours, after which all pressure is removed. 

1, Pressures comparable to those developing spontaneously within 
or commonly applied from without the living animal produce pathologic 
changes not because of pressure per se but because of obstruction of 
the circulation. 

2. The period of viability of tissues rendered completely anemic by 
pressure under the usual conditions of health, temperature and main- 


tenance of normal nutrition of the animal is remarkably constant at 
seventeen to eighteen hours. 


3. With the application of pressures sufficient to produce pathologic 


changes, the duration of the pressure is of more importance than its 
amount. 


4. Pressure only slightly below that necessary to render a part totally 
anemic may result in massive necrosis if the time of application is pro- 


longed. In general, the prolongation of time necessary to produce this 
result is relatively greater than the diminution of pressure. 


10. Brooks, B.: Pathologic Changes in Muscle as a Result of Disturbances of 
Circulation: An Experimental Study of Volkmann’s Ischemic Paralysis, Arch. 
Surg. 5:188 (July) 1922. 
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5. Temporary and permanent pathologic changes may be produced 
{ either the pressure or the duration of its application is less than that 
necessary for massive necrosis. Both degenerative and hyperplastic 
changes occur. 

6. Sclerosing myositis can definitely be produced by temporary 
pressure. The results obtained closely correspond with the clinical 
descriptions of Tinel.™ 

7. It is possible in experiments of long duration that changes in 
the animal as a whole may be an influential factor in the production of 
gangrene by a lower pressure, 

8. The results obtained in these experiments have certain clinical 
implications and suggest further experimental studies. 

Parts of the body are frequently subjected to abnormal pressure of 
sufficient magnitude to produce pathologic changes. These experiments 
have not dealt with any of the effects of pressure applied constantly for 
long periods, such as would be associated with the growth of tumors, 
but the results obtained have a definite bearing on the pathologic changes 
which are produced by abnormal pressure associated with abscess forma- 
tion, decubitus ulcer, constricting bandage, rigid appliances (such as 
splints or plaster dressings), tourniquets, distention of hollow organs, 
sutures and many other conditions encountered in clinical medicine. 

9. The method employed in these experiments is suitable for the 
study of other closely related problems. A sufficient number of experi- 
ments have already been performed to show that the temperature of the 
rat's tail during the period in which pressure is applied is an influential 
factor in determining the development of gangrene. If the rat’s tail is 
maintained at a temperature between O and 3 C. during the application 
of pressure for a period adequate to insure gangrene at room tempera- 
ture, no gangrene occurs. Further experiments are in progress to 
determine the most favorable or unfavorable temperature for preserving 
the vitality of tissues rendered temporarily anemic by disease or opera- 
tion. This point has previously been studied by Allen.** 

In all of the experiments reported in this paper the experimental 
animals have presumably been healthy. Further experiments are being 
performed to determine the influence of dietary insufficiency, alterations 
in blood pressure and various conditions, such as hyperglycemia, on the 
pressure and time necessary to produce pathologic changes in the tissues 


of the living animal. The degenerative process observed in nerves also 
deserves further study. 


11. Tinel, J.: Nerve Wounds: Symptomatology of Peripheral Nerve Lesions 


ae War Wounds, translated by F. Rothwell, London, Bailliére, Tindall & 
OX, 4 


12. Allen, F. M.: Am. J. Surg. 45:459, 1929. 


3 
. 


CHANGES IN PLASMA VOLUME DUE TO 
DECOMPRESSION OF THE DISTENDED 
SMALL INTESTINE 


JACOB FINE, M.D. 


AND 
FELIX FUCHS, M.D. 


BOSTON 
AND 


SAMUEL GENDEL, M.D. 
LOS ANGELES 


In a recent experimental study of the factors causing death in cases 
of uncomplicated acute intestinal obstruction a serious and rapid fall in 
the volume of circulating plasma was observed.’ This extreme loss of 
plasma occurred as a result of distention of the obstructed small intes- 
tine and continued as long as the distention continued. Evidence was 
obtained that “intravenous plasma in amounts adequate to replace that 
lost as a result of obstructing and distending the empty small intestine 
confers a protective influence sufficient to markedly prolong the life 
of the animal.” ? This effect was not secured by the use of equal or 
larger amounts of physiologic solution of sodium chloride. 


Since distention is responsible for the loss of plasma, decompres- 
sion should be accompanied by a retardation of the loss or indeed by 
a gain of plasma volume. Experimental data in confirmation of this 
inference are presented here. 


METHOD 


By a technic described in a preceding publication,! dogs under intraperitoneal 
pentobarbital sodium anesthesia were subjected to a constant intraintestinal pres- 
sure of 20 cm. of water for some four hours, a period sufficient to produce a 
substantial fall in plasma volume. Decompression was then effected in 3 dogs by 
applying suction to the cannula in the terminal portion of the ileum continuously 
for some fifteen hours. In these dogs the intestine was subsequently redistended 
In the remaining group (7 dogs) the distending air current was shut off after four 
hours, and spontaneous deflation (which occurs readily in the dog) was allowed 


From the Surgical Departments of the Beth Israel Hospital and the Harvard 
Medical School. 


1. Gendel, S., and Fine, J.: The Effect of Acute Intestinal Obstruction on 
the Blood and Plasma Volume, Ann. Surg. 110:25, 1939. 


2. Fine, J., and Gendel, S.: Plasma Transfusion in Experimental Intestinal 
Obstruction, Ann. Surg., to be published. 
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to take place. The changes in plasma volume were determined by the technic of 
Gibson and Evelyn.§ 
RESULTS 

\. Decompression by Suction.—The loss of plasma after four to 
fve hours of distention at a pressure of 20 cm. of water in a group 
of 7 dogs (previously reported on) averaged 35 per cent.‘ Main- 
tenance of the same level of intraluminal pressure thereafter was accom- 
panied by a continuing loss of plasma, which reached 55 per cent of 
the initial volume shortly before death. 

In experiment 1 of the present series (see accompanying table, 
section <1) the loss of plasma after four hours of distention at a pres- 
sure of 20 cm. of water equaled 35 per cent, but at the end of a 
subsequent thirteen hour period of decompression by suction the loss 
of plasma was 18.7 per cent of the initial volume, showing a partial 
recovery of the plasma lost during the period of distention. Experi- 
ments 2 and 3 of this group showed similar, though less striking, 
results. During the period of decompression in these 2 dogs, which 
lasted some fourteen hours, there was an additional average loss of 5.9 
per cent in plasma volume, which compares favorably with the loss in 
dogs with no distention and which is in contrast to a 20 per cent 
additional average loss after a similar interval in dogs with continuous 
distention (chart 1). 

To emphasize the direct relation between loss of plasma and intra- 
intestinal pressure, the initial degree of distention was reestablished 
for about six hours. The loss of plasma immediately after this second 
period of distention in 2 of the 3 dogs totaled 50 per cent. The third 
dog died before a measurement could be made. 


B. Partial Decompression by Spontaneous De flation.—In this group 
of 7 dogs (section B of table) a constant intraluminal pressure of 
20 to 25 cm. was maintained for about four hours (except in experi- 
ent 6, in which only 2 feet [60 cm.] of ileum was distended and the 
distention maintained for seven and one-half hours). The cannula lead- 
ing to the ileum was then clamped, and the intestine was allowed to 
resorb the trapped air. In experiments 7 and 8 the dogs breathed pure 
oxygen to facilitate more rapid absorption of nitrogen from the bowel.‘ 
The intraluminal pressure invariably showed a rapid decline, usually to 
about 10 em. of water, but complete decompression was not achieved. 


3. Gibson, J. G., and Evelyn, K. A.: Clinical Studies of the Blood Volume: 
IV. Adaptation of the Method to the Photoelectric Microcolorimeter, J. Clin. 
Investigation 17:153, 1938. 

4. Fine, J.; Frehling, S., and Starr, A.: Experimental Observations on the 
Effect of Ninety-Five Per Cent Oxygen on the Absorption of Air from the 
Body Tissues, J. Thoracic Surg. 4:635, 1935. 
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after 4% 


In some experiments the control plasma volume was determined 
on the day of the experiment. In some of the others, in which a number 
of days elapsed between determination of the control plasma volume 
and the experiment, a loss of weight occurred (see table). In these 
the control plasma volume may not be reliable, but a comparison of 
the plasma volume after the initial period of distention and that observed 
after the period of decompression is valid. In 5 of the 7 experiments 
(4, 6, 7, 8 and 9) the data show that deflation, even though not com- 
plete, effected a return of part of the lost plasma to the circulation 
(chart 2). In 2 other experiments (5 and 10) plasma continued to 
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Chart 1—Distention followed by decompression (suction). The heavy black 
line represents the average percentage loss of plasma in 7 experiments previously 
reported,! in which the entire small intestine of the dog was distended continuously 
at a pressure of 20 cm. of water until death. 

Each of the three light solid lines represents the loss of plasma in percentage in 
single experiments in which continuous distention at the same pressure for several 
hours was followed by decompression by suction as indicated. Redistention fol- 
lowed, and in 2 a reading was obtained. 

The two broken lines represent controls without distention as indicated. All 
dogs were under continuous pentobarbital sodium anesthesia. 


4 brs. distention 
4 brs. deflation 
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leave the circulation, but at a slower rate than when the intraluminal 
tension was maintained at the original level. 

It is therefore evident that decompression halts the progressive loss 
of plasma which a sustained level of distending pressure produces and 
in some instances results in the return of part of the lost plasma to 
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the blood stream. This process is not always observed to occur imme- 
diately after deflation begins. In experiments 7 and 8 the loss continued 
at least during the first four hours of the deflation period, but substantia) 
return of lost plasma to the circulation was evident in the subsequent 
measurement of plasma volume. 

It will be noted from the table that in 9 of 10 experiments there 
was a substantial increase in red cell volume concomitant with the 
decrease in plasma volume during the distention period. This increase 
may persist, although it tends to disappear as the deflation halts the 
loss in plasma volume (experiments 1, 2, 3 and 6). As the loss jn 
plasma continues to increase, however, the red cell volume may fall 


PLASMA LOSS IN PERCENT 


Chart 2.—Distention followed by partial decompression (spontaneous deflation). 
The heavy black line represents the average loss of plasma in percentage in 7 
experiments previously reported, in which the entire small intestine was distended 
continuously at a pressure of 20 cm. of water until death occurred. Each of the 
other solid lines represents the loss of plasma in percentage in single experiments in 
which the entire small intestine was distended at a pressure of 20 to 25 cm. oi 
water for four hours, after which (see arrow) the cannula in the ileum was 
clamped and partial spontaneous decompression was permitted. 

The broken line represents an experiment in which only 2 feet (60.9 cm.) 
of intestine was distended for seven and one-half hours. 


below normal (experiments 2, 3 and 5.). The rise in the hematocrit 
reading following distention is therefore partly due to an accession oi 
red cells to the circulating blood. The hematocrit reading must accord- 
ingly be regarded as an approximation, rather than a faithful index, o/ 
the extent of the loss of plasma. 
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Since the rise in the hematocrit reading parallels the extent of the 
fall in plasma volume induced by distention, a fall in the hematocrit 
reading toward the initial level may be expected when part of the lost 
plasma returns to the circulation as a result of decompression. That 
this occurs is clearly observable in the data on experiments 1, 6 and 7. 

The changes in red cell volume are reflected in the figures for total 
blood volume. The fact that the total blood volume does not fall to 
the same extent as does the plasma volume is presumably due to 
mobilization of red cells, perhaps with some plasma, from the spleen 
and the hemopoietic system. Since the capacity for compensation from 
such stores is limited, a sharp fall in total blood volume, though not 
as great as that in plasma volume, appears when the loss of plasma 
reaches a dangerous level. The variability from one animal to another 
in the available supply of such supplementary stores of whole blood 
or red cells may account for the differences in tolerance to plasma loss 
due to intestinal distention. 

COMMENT 


It has previously been emphasized that distention is the central 
problem in acute intestinal obstruction ; the only potentially fatal effect 
we have been able to observe so far from its presence is a marked fall 
in plasma volume. The experimental procedure utilized to produce 
this result departs from the natural conditions, however, in that the 
intestinal pressure was maintained in a closed loop (the entire small 
intestine) at a constant level until death. When distention develops 
spontaneously the tension produced by gas when it first enters the 
intestine is usually not sustained, owing to absorption via the blood 
stream, relaxation of intestinal muscle tonus, spatial readjustment of 
adjacent organs and relaxation of the musculature of the abdominal 
wall. The flexibility of these accommodating mechanisms probably 
varies from time to time in the same subject and from one species of 
mammal to another. Thus in the dog an initial intraintestinal pressure 
of 20 cm. of water, if not sustained by a continuous current of air, 
will fall rapidly to a much lower level.° There is no reason to doubt 
that this may also be true in man. Furthermore, in the presence of 
simple obstruction a patent pylorus will permit decompression by 
regurgitation of intestinal contents. The rate of loss of plasma in cases 
of clinical obstruction is therefore likely to change from moment to 
moment because of the action of many factors with opposing effects ; 
the extent of the fall in plasma volume will become critical only after 
adjusting mechanisms fail. Hence, in a given person at a given time 
resistance to the effects of distention will vary in accordance with the 
state of elasticity of these safety factors, and the clinical state of the 
patient will vary accordingly. 


5. Unpublished data. 
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Our observations on decompressing the bowel do not support the 
belief ® that death following an apparently adequate decompression of 
the acutely distended bowel can be due to too sudden a deflation. Such 
a view may have acquired plausibility from analogous experience with 
prostatic obstruction of the bladder and (rarely) after excision of large 
tumors from the abdominal cavity. Evaluation of a therapeutic measure 
must take account of the stage of the disease at which the measure has 
been applied. For example, transfusion for exsanguinating hemorrhage 
is futile, even when given in ample volume, if shock has reached an 
irreversible stage. Similarly, decompression will fail to reverse the 
downward course of advanced acute intestinal obstruction, owing to 
irreversible physiologic changes. According to our data, decompression 
can halt and even reverse the mechanism of loss of plasma, but the 
rate of return of the lost plasma to the circulation may be inadequate 
for the needs of vital areas in danger of collapse from insufficient blood 
volume. The effectiveness of adequate deflation will depend, therefore. 
on the extent and duration of the plasma deficiency at the time the 
deflation is achieved. A fatal result may occur shortly after enterostomy, 
not because of enterostomy but because the loss of plasma has reached 
a level from which recovery is not possible without prompt supplying 
of the enormous deficiency in the volume of circulating plasma. 


CONCLUSIONS 


1. Decompression of the distended small intestine retards or pre- 
vents the progressive and eventually fatal loss of plasma caused by the 
distention. A return of part or most of the lost plasma to the circulating 
blood volume can be demonstrated to follow decompression. 

2. The rise in the hematocrit reading during distention is only an 
approximate index of the extent of loss of plasma, because in the 
earlier stages of the process part of the rise is due to the entrance 
into the circulating blood of a variable volume of red cells from the 
hemopoietic system. This accession of red cells to the circulating blood 
in the earlier stages of loss of plasma will prevent a corresponding loss 
in total blood volume. However, when the loss of plasma becomes 
extreme the total blood volume falls markedly below normal. This fall 
in the total blood volume is never quite as extensive as that of the 
plasma volume. The hematocrit reading continues to increase as death 
approaches. In this late stage of the process, therefore, the increase 
in the hematocrit reading more accurately reflects the extent of the loss 
of plasma. 

3. The recovery of lost plasma achieved by decompression of the 
distended intestine is accompanied by a fall in the hematocrit reading 
toward the initial level. 


6. Elman, R.: The Danger of Sudden Deflation of Acutely Distended Bowel 
in Late Low Intestinal Obstruction, Am. J. Surg. 26:438, 1934. 
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GASTRIC SECRETION 


I. A NEW GASTRIC POUCH WITH A NONLEAKING STOMA AND AN 
INTACT NERVE SUPPLY; DESCRIPTION OF A TWO STAGE 
TECHNIC USED ON THE DOG 


OLIVER COPE, M.D. 
CHARLES E. MacMAHON, M.D. 


ANDERS HAGSTROMER 


AND 


RICHARD H. THOMPSON, M.D. 
BOSTON 


The creation of an isolated gastric pouch in experimental animals 
has contributed more than any other procedure to the present under- 
standing of the physiology of gastric secretion. The extraordinary use- 
fulness of the pouch depends on the fact that it permits quantitative 
collection of secretion uncontaminated by material from either the 
esophagus or the duodenum. In no human being, even one with a 
chance abnormality of the stomach, has a quantitative collection of 
uncontaminated gastric secretion been obtainable. In patients with 
pyloric obstruction, for example, gastric secretion is contaminated by 
saliva; in patients with esophageal obstruction and gastric fistulas the 
secretion is contaminated by unknown quantities of duodenal contents. 
In such patients the disease has usually produced nutritional disturbances 
not conducive to normal secretory function. 

The gastric pouch itself, however, has presented drawbacks. Diges- 
tion of the abdominal wall by the gastric secretion has prevented main- 
tenance of a sphincter at the outlet of the pouch, and an inlying catheter 
has been required for collection of the secretion. Mechanical stimulation 
has resulted from the presence of the catheter, with consequent altera- 
tion in the character of the secretion. In spite of constant care, digestion 
of the abdominal wall has often progressed far enough to cause death 
of the animal before completion of the experiment. 

Up to the present time the major portion of the experimental work 
has been done with either the Pavlov pouch or the whole stomach 
pouch. Both types have faults other than digestion of the abdominal 


From the Surgical Laboratories of the Harvard Medical School at the Massa- 
chusetts General Hospital. 
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wall. The intactness of the nerve supply of the Pavlov pouch has 
been questioned in recent years, and removal of the entire stomach 
from the digestive tract hardly leaves the animal in a normal Physiologic 
state. 

This paper describes a new gastric pouch with the following adyan- 
tages: The nerve supply is intact ; minimal damage is done to digestive 
function; erosion at the stoma is eliminated, and the necessity of an 
inlying catheter is obviated. 


CONSTRUCTION OF A GASTRIC POUCH ( ANTERIOR WALL) IN THE poc 


First Stage —The stomach is exposed through a left paramedian, high 
abdominal incision (intratracheal ether anesthesia). For convenience of 
manipulation (17, fig. 1) stay sutures are placed in the wall of the 
stomach at the following four points: (4) the lesser curvature of the 
pyloric antrum, 1 cm. below the incisura angularis; (B) the lesser 
curvature just above the left gastric vessels and posterior to the 
major trunks of the anterior, or left, vagus nerve'; (C) the greater 
curvature 1 cm. above the uppermost short gastric vessel, and (J)) the 
greater curvature 1 cm. below the point directly opposite the incisura 
of the lesser curvature. 


The right gastroepiploic vessels are divided 1 cm. above stay suture D. 
The lesser peritoneal cavity is opened into and the omentum is divided 
along an avascular plane at a right angle to the greater curvature for 
at least 10 inches (25 cm.), allowing separation of the omentum into a 
gastric and an antral portion. 

The future pouch is separated from the residual portion of the 
stomach by incising the wall with a thermal electric cautery. The 
serosa and muscularis are divided first and allowed to retract, and the 
vascular submucosa and mucosa are divided secondarily. Incision is 
started at the incisura and carried across the anterior wall of the stomach 
to a point 1 cm. above stay suture ). This line of incision is carried on 
to the posterior gastric wall for a distance of 1.5 cm. It is then turned 
upward at a right angle on the posterior gastric wall, along the greater 
curvature. The incision is kept just far enough from the greater curva- 
ture to leave the blood supply from the gastroepiploic vessels intact to 
the anterior gastric wall, and it stops opposite stay suture C. At this 
point the incision again turns at a right angle, passing to the anterior 
Only that 


1. A small incision is made in the gastrohepatic omentum, above the leit 
gastric vessels and below the branch of the left vagus nerve to the porta 


hepatis (see under “Course and Distribution of the Vagus Nerves”). The suture 


is placed through this incision in the upper portion of the lesser curvature. 
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portion of the gastrosplenic ligament immediately adjacent to the 
greater curvature need be divided. The main splenic and gastrosplenic 
vessels are left intact, and the spleen is moved together with the anterior 
gastric wall. 

The main trunks of the left vagus nerve are next identified by 
pulling up on stay sutures B and C. These nerves overlie the lesser 
curvature half of the anterior gastric wall (7, fig. 1). Incision is 
carried with the cautery from the greater curvature toward stay suture 
hk, stopping short of the most lateral branch of the vagus nerve.’ 


Incision is next made along the lesser curvature. The branches of 
the left gastric artery and vein supplying the anterior wall of the stom- 
ach are first identified. A tunnel leading to stay suture B is made 
heneath these vessels and their accompanying sympathetic nerves, along 
the wall of the lesser curvature. It is usually necessary to divide a 
small branch from the right gastric artery to the incisura in order to 
start the tunnel. Vessels and nerves being spared, the lesser curvature 
is then divided from the incisura to within 0.5 cm. of stay suture B. All 
of the gastric branches of the left vagus nerve will be found anterior 
to the incision in the lesser curvature. 


The final separation of the pouch from the stomach can be accom- 
plished in one of two ways. The small portion of the anterior gastric 
wall remaining intact beneath the branches of the left vagus nerve 
may be divided either through the mucosa alone or through the mucosa, 
the submucosa and part of the muscularis. It is impossible to divide the 
entire muscularis and serosa without damaging the vagal nerves. If 
the submucosa, which carries the major blood vessels, is divided, several 
vessels will need to be clamped and tied individually, since the cautery 
cannot be used beneath the vagal branches without damaging the nerves. 
Suturing is made easier, however, if the submucosa is separated. 


The pouch is formed by a continuous, inverting (Connell) suture, 
no. 00 chromic catgut with an atraumatic needle being used (2, fig. 1). 
The pouch is closed from the top down, making the open end as far from 
the esophagus as possible. The greater the length of the pouch, the 
greater the mobility. The rim of the open end of the pouch should be 
made from the antral edge of the anterior gastric wall. If it is made 
irom the edge of the greater curvature, the vessels and the omentum 
increase the bulk of the neck of the pouch and make it more difficult to 
suture in place in the second stage operation. Because of the inequality 
in length between the greater and the lesser curvature, the infolding 
suture should be started at the greater curvature, above the gastrosplenic 


2. The fine branch passing to the true fundus of the stomach lies above the 
line of incision and is not disturbed in this dissection. 
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EXPLANATION OF FicurE 1 


Figure 1.—1, anterior gastric wall of the dog exposed at operation. A 
indicates a stay suture 1 cm. below the incisura angularis; B, a stay suture 
on the lesser curvature, above the left gastric vessels; C, a stay suture on 
the greater curvature, above the gastrosplenic vessels; D, a stay suture on the 
greater curvature, opposite the incisura; LV, the left vagus trunk; RV, the 
right vagus trunk. The probe lies in the tunnel beneath the left gastric vessels 
along the line of the incision in the lesser curvature. 2, Pouch in the 
anterior wall, separated from the residual portion of the stomach. P indicates 
the pouch; RS, the residual portion of the stomach; ps, the pouch suture; ss, 
the stomach suture; A, a stay suture 1 cm. below the incisura angularis; 
B, a stay suture on the lesser curvature, above the left gastric vessels; C, 
a stay suture on the greater curvature, in the gastrosplenic vessels. The upper 
end of the probe lies in the cardia. In the space between the arrows lies the 
undivided portion of the anterior gastric wall. The mucosal infolding sutures 
have been started in the pouch and in the residual portion of the stomach, 3, 
formation of the pouch completed. The residual portion of the stomach has 
been closed. P indicates the pouch; RS, the residual portion of the stomach; A, 
a stay suture 1 cm. below the incisura angularis; B, a stay suture on the lesser 
curvature, above the left gastric vessels; D, a stay suture on the greater 
curvature, opposite the incisura; LV, the left vagus nerve; Amn, the antrum. 
4, anastomosis of the outlet of the pouch to the pyloric antrum. P, indicates the 
pouch; An, the pyloric antrum; Du, the duodenum; B, a stay suture on the lesser 
curvature, above the left gastric vessels; LV, the left vagus nerve. The 
pouch portion of the omentum has been wrapped around the pouch. 5, final 
position of the pouch. P indicates the pouch; An, the antrum; RS, the residual 
portion of the stomach; Spl, the spleen; Li, the liver. At a second operation the 
outlet of the pouch has been transferred from the pyloric antrum to the left flank. 
The spleen is swung with the body of the pouch. A suture line closing the 
antrum remains to be covered with omentum. 
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vessels. The first, or inverting, suture includes only the mucosa and 
the submucosa. The second, running, noninverting, suture approximates 
the muscularis and the serosa. 

The stomach is reconstructed by similar running sutures but is closed 
completely (3, fig. 1). The open end of the pouch is sutured into a 
2.5 cm. opening made in the anterior wall of the pyloric antrum 
(4, fig. 1). 

The antral portion of the omentum is sutured around the stoma 
and over the gastric suture line. The pouch portion of the omentum js 
wrapped around the entire pouch and sutured in place. Careful 
peritonization is important to prevent formation of adhesions between 
the pouch and the residual portion of the stomach. 


Second Stage—An interval of at least three weeks is allowed 
between the first and the second stage. 


A lateral left rectus incision is made. The open end of the pouch 
is freed from the antrum, a cuff of the antral wall being left attached 
to the pouch. The cuff should be approximately 1 cm. wide and should 
consist of serosa and muscularis only. The mucosa is divided at the line 
of previous suture. The hole in the antrum is closed (5, fig. 1). 

The incision through which the stoma of the pouch is to be brought 
out is next prepared. It is a stab wound from the skin to the peritoneal 
cavity, just large enough to accommodate the neck of the pouch. It is 
made in the costovertebral angle, immediately beneath the left twelfth 
rib, through the oblique and transversalis muscles, lateral to the quadratus 
lumborum and semispinalis muscles.* Care is taken to split, not cut, 
the muscle bundles, with careful preservation of their different directions. 


The pouch is swung posteriorly on its pedicle, and the open end is 
brought out of the abdominal cavity (5, fig. 1). The pouch portion 
of the omentum and the spleen swing with the pouch. The wall of the 
pouch neck is sutured to the subcutaneous fascia with divided fine 
chromic catgut sutures. Care must be taken not to disturb the blood 


supply to the stoma of the pouch. The cuff of antral wall is sutured 
loosely out over the skin. 


3. Occasionally, if the thoracic cage is proportionately larger than the stomach 
or if care in suturing the pouch is not taken as described, the pouch will be too 
short to reach below the twelfth rib without being sutured under tension. The 
pouch must not be fixed under tension; otherwise it will retract. In this case the 
open end of the pouch is brought out through the intercostal muscles on the left 
side, near the spine. The space between either the tenth and eleventh or the 
eleventh and twelfth ribs may be used. In order to avoid creation of a pneumo- 
thorax it is wise to obliterate the lower thoracic space at the first operation by 
suturing the diaphragm to the chest wall. 
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A tab of omentum is fastened over the suture line in the antral wall ; 
the left rectus incision is closed. 


Comment on the Technic.—A successful stoma has not been made at 
the same operation at which the pouch is formed. If the pouch is 
brought out immediately, the sutures are digested away, the neck opens 
along the suture line and the flank wall is eroded by the gastric secretion. 
Either a defect in the muscle wall develops, damaging the action of the 
sphincter, or the neck of the pouch promptly retracts into the abdomen. 
If the neck is well healed before it is brought through the flank, this 
digestion does not occur, and it is for this reason that the operation has 
been divided into two stages. 

The actual sphincter action depends on the muscles of the gastric 
wall at the neck of the pouch and also on those of the flank wall. The 
varied directions of the fibers of the external and internal oblique and 
transversalis muscles result in an encircling pressure around the neck. 
The parallel bundles of a single muscle exert only lateral pressure. 

The combined sphincter action of the muscles of the stomach and 
the abdominal wall is ineffective if the neck of the pouch is brought 
out anteriorly, alongside the sheath of the rectus muscle. The effective 
sphincter action depends on the fact that the body of the pouch is 
dependent from the stoma. This is true if the dog is standing or 
lying on the right side but not if it is lying on the left. The animal, 
however, learns promptly to lie on the side opposite the wound. 

The same two stage procedure can be applied and the stoma in the 
flank created with the Pavlov pouch, the Heidenhain pouch and other 
forms of gastric pouch with a sufficiently long body. It was developed 
while the Pavlov pouch was in use in this laboratory. It cannot, 
however, be used with pouches having a short body or neck. Hollander 
and Jemerin* have recently devised one with intact nerve supply but 
with a neck too short to reach beyond the anterior abdominal wall. 


ANATOMIC CONSIDERATIONS 


In this effort to improve on previously described experimental gastric 
pouches made in the dog, the following anatomic facts have been con- 
sidered. 


Distribution of the Gastric Cells—In experimental animals and in 
man the cells of the mucosa of the pyloric antrum are anatomically 
different from the glandular cells lining the body of the stomach.’ The 
secretion from the antrum is alkaline or neutral, in contrast to the acid 


4. Hollander, F., and Jemerin, E. E.: Preparation of Stomach Pouch With- 
out Interruption of Vagal Supply, Proc. Soc. Exper. Biol. & Med. 39:87, 1938. 
5. Berger, E. H.: The Distribution of Parietal Cells in the Stomach: A 
Histotopographic Study, Am. J. Anat. 54:87, 1934. 
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secretion from the body of the stomach. Observers have differed as 
to where the dividing line between the body and the antrum occurs. 
We have been struck by the regularity by which the line can be 
identified in the dog by gross observation. The antral mucosa js 
relatively pale, firm and flat; the mucosa of the body is more suffused 
with a purplish tint, softer, thicker and with more prominent rugae. 

In the dog, not only can the division be recognized grossly, the 
zone of transition being usually within 1 cm., but it occurs at the 
incisura angularis along the lesser curvature. The incisura is a definite 
anatomic landmark, and time and damage to tissue are saved by opening 
the stomach at this point when making either an antral or a body pouch. 

On the outer surface of the stomach, along the greater curvature, 
there is no anatomic structure indicating the dividing line between the 
antral and the body mucosa. The line runs, however, at a right angle to 
the lumen of the stomach, and the point opposite the incisura will not 
be far from it. 

There are no similar lines of demarcation between the mucosae of 
the body, the true fundus and the cardia. In the cardia and fundus the 
mucosa is thinner and smoother, and the folds, so prominent in the 
body, are largely absent. The significance of the cells of the cardia and 
the fundus in relation to the secretion formed is not yet understood. 
The parietal, or acid-secreting, cells are found in both areas. 


Blood Supply of the Stomach——The blood supply to the stomach 
of the dog is essentially similar to that of man. The arterial blood 
is derived from the celiac artery, but the relative size of the branches 
differs from that of the human stomach in two respects: First, the left 
gastric artery of the dog is proportionately larger, the right gastric branch 
of the hepatic artery being a relatively small vessel. Second, the short 
gastric branches of the splenic artery in the dog are larger and supply 
directly about a third of the greater curvature. 

Course and Distribution of the Vagus Nerves.—As a result of 
experiments conducted in this laboratory with a Pavlov pouch, suspicion 
arose as to the intactness of the vagal nerve supply. Accordingly, an 
anatomic study of the course and distribution of the vagus nerves was 
made. 

In devising his gastric pouch, Pavlov’ apparently made no original 
study of the distribution of the vagus nerves but accepted the déscription 
given by Ellenberger and Baum.* Reports from independent workers 


6. Gamble, J. L., and McIver, M. A.: The Acid-Base Composition of Gastric 
Secretions, J. Exper. Med. 48:837, 1928; unpublished data from this laboratory. 

7. Pavlov, I. P.: The Work of the Digestive Glands, ed. 2, London, C. 
Griffin & Co., 1910. 


8. Ellenberger, W., and Baum, H.: Systemische und topographische Ana- 
tomie des Hundes, Berlin, Paul Parey, 1891. 
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in more recent years® have shown that the anatomy of the vagus 
nerves of the dog is not different from that of the human being. While 
the present study was under way, Jemerin and Hollander also had 
reason to suspect the intactness of the vagal supply of the Pavlov pouch, 
and in a recent article *® they have described the distribution of both 
vagus nerves to the stomach of the dog. Their findings and those of 
the present study are in agreement. Jemerin and Hollander, however, 
limited their investigation to the stomach. The present study has 
included the course and distribution of the vagus nerves from the hili 
of the lungs downward. 

Forty-five dogs have been used for this study. The gastric distribu- 
tion alone of the vagus nerves has been observed in 30 animals as an 
essential step of the pouch operation. The remaining 15 dogs were 
killed and dissected in order to make the complete anatomic study. 
From the first 6 of the latter group the tissues were prepared by the 
method of Longwell.1t The organs and nerves were excised en bloc 
and placed in 5 per cent hydrochloric acid in the ice box for twenty-four 
hours. The nerve fibers being more resistant to the acid than muscle 
or connective tissue, the method facilitates dissection of the terminal 
nerve branches. Because the nerve trunks up to the point of penetration 
of the organ are grossly obvious, the remaining 9 animals were dissected 
immediately after being killed. 


Below the hili of the lungs the right and left vagus nerves of the 
dog descend along either side of the esophagus. Between the hilus of 
the lung and the diaphragm each nerve sends a large anastomotic branch, 
grossly one-third to one-half the entire nerve, to the vagus nerve on the 
other side. The branch from the right vagus nerve passes in front 
of the esophagus on its way to join the left vagus trunk (figs. 2 and 3). 
The branch from the left vagus nerve passes posterior to the esophagus. 
Each branch joins the trunk of the other side just before the trunk passes 
through the diaphragm. 


9. Latarjet, A.: Note préliminaire sur l’innervation et l’énervation de I’esto- 
mac, Lyon méd. 130:166, 1921. McCrea, E. D.: The Abdominal Distribution 
of the Vagus, J. Anat. 59:18, 1924-1925. Perman, E.: Surgical Treatment of 
Gastric and Duodenal Ulcer, Acta chir. Scandinav. (supp. 38) 77:1, 1935. 
Stahnke, E.: Experimentelle Untersuchungen zur Frage der neurogenen Ent- 
stehung des Ulcus ventriculi; zugleich ein Beitrag zur pathologischen Physiologie 
der Mageninnervation, Arch. f. klin. Chir. 182:1, 1924. 

10. Jemerin, E. E., and Hollander, F.: Gastric Vagi in the Dog: Erroneous 
Assumption of Uninterrupted Vagal Innervation in the Pavlov Pouch, Proc. Soc. 
Exper. Biol. & Med. 38:139, 1938. 

11. Longwell, S. E.: A New Method for Investigation of the Peripheral Ner- 
vous Svstem, Muscles and Glands, Science 47:395, 1918. 
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As a result of rotation of the stomach during fetal life, each vagus gus al 
trunk shifts in the lower portion of the thorax to a new position jn the ca 
relation to the esophagus. The left vagus nerve acquires an anterior and ssaaetets 
the right a posterior position. The anastomotic branch from each vagus ha 
nerve leaves the trunk in the lateral position but joins the opposite nerve relatic 
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Fig. 2.—Diagram illustrating the origin and abdominal distribution of the nee 
left vagus nerve as observed in dissection of 15 dogs. arter) 
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Fig. 3.—Diagram illustrating the origin and abdominal distribution of the The 

right vagus nerve as observed in dissection of 15 dogs. The insert shows the 
distribution of the celiac branch. 
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in its new position. The left vagus nerve passes through the diaphragm may 


anterior to the midportion of the esophagus and emerges below the 
diaphragmatic muscle on the anterior surface of the cardia (fig. 2). The 
right vagus nerve passes through the diaphragm posterior to the esopha- —_ 
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gus and enters the lesser peritoneal cavity on the posterior surface of 
the cardia (fig. 3). Each nerve lies between the peritoneum and the 
muscularis. 

Each vagus trunk in its passage down the stomach bears a constant 
relation to the lesser but not to the greater curvature. In the develop- 
ment of the fetal stomach of the dog the lesser curvature is apparently 
the fixed portion. As the lumen of the stomach increases in size, 
branches from each vagus nerve pass out from the lesser curvature 
over the gastric wall toward the greater curvature. 

The left vagus nerve supplies the entire anterior wall of the stomach 
(cardia, fundus, body and antrufh), the hepatic plexuses and the left 
side of the diaphragm (fig. 2). As the trunk emerges from the dia- 
phragm a small twig is usually detectable passing to the left side of the 
diaphragm. The second branch is the hepatic branch. Of medium size 
and easily recognizable, it arises from the right side of the nerve 
trunk and runs in the gastrohepatic omentum close to the liver. On 
reaching the hepatic artery it divides into two terminal branches, one 
running into the porta hepatis and the other in the opposite direction, 
toward the aorta, losing its identity in the nerve plexus along the hepatic 
artery. 

The remaining and larger portion of the left nerve trunk passes to 
the anterior wall of the stomach alone. Including the terminal filament of 
the trunk, there are usually four gastric branches. The upper two 
divide soon after leaving the trunk; the uppermost division, a small 
one, passes to the left to supply the true fundus. In succession the 
branches pass from the trunk distally as they traverse the body of 
the stomach, entering the muscularis about one third of the way to the 
greater curvature. The terminal portion of the trunk pierces the muscu- 
lar layer near the lesser curvature about 1 cm. beyond the incisura 
angularis. It is possible that this terminal nerve sends filaments to the 
pylorus and to the first portion of the duodenum, but filaments have not 
been found beyond the antrum on gross dissection. 

The right (posterior) vagus nerve, like the left, has a threefold 
distribution (fig. 3). The small initial branch goes to the right side 
of the diaphragm. The second, or celiac, branch is moderately large, 
is constant and corresponds to the hepatic branch of the left nerve. 
After leaving the main trunk it divides into three well defined branches. 
These pass into the dense autonomic plexuses surrounding both the 
celiac and the lower hepatic arteries. No attempt has been made to 
discover the final distribution of this vagal branch. Presumably it 
may be as wide as the sympathetic distribution from the ganglions and 
plexuses surrounding the celiac artery and its branches. 

The gastric branches of the right vagus nerve supply the entire 
posterior wall of the stomach. The distribution of the fibers is the 
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mirror image of that of the left vagus nerve to the anterior wall, 
The trunk and its gastric branches are covered by the visceral peri- 
toneum of the lesser peritoneal cavity. 

Variations from the foregoing description of the anatomy of the 
vagus nerves in the dog are rare in our experience. In approximately 
half of the dissected animals one or another of the diaphragmatic 
branches could not be found; presumably they were too small to be 
recognized macroscopically. In 1 of the 45 animals an anastomotic 
branch crossed the lesser curvature at the incisura, running from the 
left to the right vagus nerve. 

Until a study by fiber degeneration has been made to determine the 
distribution of the fibers from the anastomotic branches in the thorax 
it will have to be assumed that each branch of the thoracic distribution 
of the vagus nerve sends fibers to the entire abdominal distribution of 
the opposite nerve. In order to interrupt the vagal supply of the pouch 
described in this paper it is therefore necessary to sever the left vagus 
nerve below the anastomotic branch from the right vagus nerve. Like- 
wise, division of either vagus nerve in the neck only partially denervates 
the entire abdominal distribution of both. 

It is also obvious from this study that a gastric pouch made accord- 
ing to the method of Pavlov’ has the majority of its vagal fibers cut. 
Only those running to the base of the pouch are left intact. 


Course and Distribution of the Sympathetic Nerves.—The sympa- 
thetic nerve supply to the stomach of the dog arises from the celiac 
plexus. The nerve fibers and ganglions form a dense network around 
the celiac artery and its primary branches. A nerve trunk passes to 
the stomach with each major artery. Branches from these trunks can 
be recognized grossly beneath the serosa on the surface of the stomach, 
alongside each small arterial branch and tributary vein. Each nerve 
and its accompanying vessels penetrate the muscularis at about the 
same point. Preservation of direct arterial blood supply to the wall 
of the stomach insures sympathetic innervation. 


CARE OF THE POUCH 


A dog with the pouch described in this paper requires peculiar but 
not arduous care. 

The sphincter at the stoma is effective in holding in the gastric 
secretion from the moment the second stage operation is completed. 
Periodic emptying of the pouch is necessary to prevent overdistention 
with consequent forcing of the sphincter. A no. 12 French soft 
rubber catheter is passed through the stoma, and the gastric secretion 
is sucked out with a syringe. The frequency of catheterization depends 
on the experimental conditions. An occasional pouch will hold as 
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much as 1,000 cc. without leaking. Usually, however, it is wise with 
the average-sized dog to empty the pouch before the contents reach 
250 

No complicated dressings, washings or inlying tubes are needed. 
Digestion of the abdominal wall is limited to a narrow zone between 
the gastric mucosa and the skin; the extensive digestion seen with 
other types of stoma is eliminated. 


Fig. 4—Dog with a pouch of the anterior gastric wall and a stoma in the 
left flank. A, appearance eight days after the second stage operation. B, stoma 
eight days after the second stage operation. Digestion of the cuff of the antral 
wall has already started. C, stoma four weeks after the second stage operation. 
Digestion of the cuff is nearly complete. D, stoma seven months after the second 
stage operation. Note the absence of digestion of the skin and the regrowth of 
hair immediately around the stoma. 


12. Some of the dogs will not eat when the pouch is full. Food may lie 
untouched before the animals. Immediately after the pouch is emptied the 
food is gobbled up. This observation has also been made on dogs with a 
Pavlov pouch having the described, improved stoma. Since the vagal supply to 
the Pavlov pouch is interrupted, it is probable that the afferent fibers carrying 
the sensation of hunger pass along with the sympathetic autonomic fibers from 
the celiac plexus. 
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_ Operative intervention at the stoma is occasionally required as a 
result of the changes occurring over a period of months. In the first 
postoperative days the antral cuff, devoid of an adequate blood supply, 
swells and becomes glued to the wound with fibrin (figs. 4 4 and B). 
The firm ring thus formed prevents retraction of the neck of the 
pouch until sufficient time elapses for permanent adhesions between the 
pouch neck and the flank wall to form. Gradually, over a period of 
two to four weeks, the cuff is digested away (fig. 4C). This digestion 
is carried out not by gastric juice which has leaked from the pouch but 
by that secreted from the mucosa exposed at the outlet. With the 
continued digestion at the very outlet between the mucosa of the 
pouch neck and the skin, a small fibrous wall results as the permanent 
stoma (fig. 4D). This fibrous stoma may eventually contract, and it 
then becomes necessary to cut it in order to pass the catheter without 
difficulty. 

It is the routine in this laboratory to place sodium bicarbonate 
solution in the pouch after each emptying unless the animal is “on test.” 
It has been found that eventually digestion of the wall of the pouch 
by the undiluted gastric secretion occurs and ulcers are formed. In the 
absence of sodium bicarbonate, hemorrhage from _ ulceration has 
occurred within periods varying from a week to two months. Several 
animals have died of perforated ulcers of the pouch following pro- 
longed uninhibited acid peptic digestion. Sodium bicarbonate solution 
neutralizes the secretion and thereby inactivates the pepsin. Sufficient 
sodium bicarbonate is added to neutralize the anticipated volume of acid 
juice. An excess will do no harm. 

Care of the animal at night can be reduced to a minimum by feeding 
once a day, early in the morning. The active phase of gastric secretion 
lasts for twelve to fifteen hours after the routine laboratory meal. lif 
the dog is fed during the afternoon or evening, provision must be 
made to empty the pouch during the night. 


COMMENT 


The pouch made of the anterior gastric wall with its outlet in the 
flank has the following advantages over previously described gastric 
pouches. 


Intact Nerve Supply—Both the vagal and the sympathetic nerves 
to the portion of the stomach involved in the pouch remain undivided. 
The anatomic studies reported in this paper offer confirmatory evidence 
that the course of the left vagus nerve in the dog is not as described by 
Pavlov. Vagal fibers are intact to the Pavlov pouch at the base only. 
From the point of view of vagal innervation, the Pavlov pouch is 
little better than the Heidenhain. 
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Minimal Denervation Distal to the Pouch—Two areas oi the 
residual portion of the stomach are denervated in making a pouch of 
the anterior wall. First, the vagal supply from the left nerve to the 
anterior wall of the antrum is divided. The fibers from the right vagus 
nerve to the posterior antral wall, however, remain intact, and normal 
secretory and motor function can be expected from one half of the 
antrum. Second, the sympathetic nerves to the posterior wall of the 
body of the stomach, entering together with the vessels of the greater 
curvature, are severed. The sympathetic nerves to the posterior wall, 
running with the vessels of the lesser curvature, are not divided. The 
lesser curvature, at least, of the residual portion of the stomach retains 
the normal balance between cholinergic and adrenergic activity. 

In evaluating experimental observations it may be as important to 
know what organs have been denervated by the operation as it is to 
know the innervation of the resulting pouch. Up to the present time, 
scant attention has been paid to the wide distribution of the vagus 
nerves in the abdomen. The hepatic and celiac branches of these 
nerves, for example, might well be severed inadvertently in making a 
“whole stomach pouch.” The resulting loss of the cholinergic, parasym- 
pathetic innervation to the liver, pancreas and intestine below the 
stomach would add to the difficulties of a digestive system already 
hampered by the loss of the stomach itself. 


Quantitative Collection for Unlimited Periods—-The described 
maneuver of bringing the stoma out in the flank permits quantitative 
collection of secretion for an unlimited number of uninterrupted hours 
and days. Previous gastric pouches have depended for quantitative 
collection of secretion on an inlying tube or catheter and a collection 
bottle slung beneath the animal’s abdomen. These have necessitated a 
constant standing position for the animal, limiting the number of hours 
for which the experiment could be maintained. Prolonged training 
was often required. An animal with the pouch described in this paper 
maintains throughout the period of observation a normal life of 
standing, walking, lying and sleeping. 

Secretion Unaltered by Mechanical Stimulus.—Periodic catheteriza- 
tion does not cause the same degree of mechanical stimulation as does 
catheterization by an inlying tube. The presence of a catheter similar 
to that described by Pavlov for collection of the secretion stimulates 
directly the mucosa of the pouch. Such stimulation increases the output 
of mucin and neutral salt.** It is true that the periodic catheterization 
necessary with the pouch described in this paper must result in some 


13. Hollander, F., and Cowgill, G. R.: Studies in Gastric Secretion: I. Gas- 


tric Juice of Constant Acidity, J. Biol. Chem. 91:151, 1931.. Data have been 


obtained also from this laboratory. These are not yet published. 
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such mechanical stimulation. The gentle passage of a small, sof; 
rubber catheter for the twenty seconds necessary to empty a pouch, 
however, does not introduce the error associated with the use of a 
larger, constantly indwelling tube. 


Long Survival of Experimental Animals.—The absence of digestion 
at the stoma of the pouch allows indefinite survival of the experimental 
animals. A survival of four months is unusual in an animal with a 
pouch having its outlet on the anterior abdominal wall. Continued 
digestion inevitably results in retraction of the neck of the pouch and 
death from peritonitis. 


Easy Care of Animals.—The time required by the laboratory tech- 
nician for the care of a dog with a gastric pouch is shortened to one 
third by placing of the outlet in the flank. Although catheterization 
is needed, repeated painstaking dressings with alkaline earths or protein 
fluids are not. 


SUMMARY 


An anatomic study of the origin and entire distribution of both 
vagus nerves in the abdomen of the dog confirms the observation 
that the vagal supply of the Pavlov type of gastric pouch is not intact. 

A gastric pouch in the dog, made from the anterior wall of the 
body of the stomach, is described. This pouch has the advantage of 
an intact autonomic nerve supply, both vagal and sympathetic. Minimal 
neural disturbance to digestive function is created by the formation 
of the pouch. Only partial denervation, both vagal and sympathetic, is 
produced in the residual portion of the stomach distal to the pouch, 
and no other organ is denervated. 

A new type of stoma for gastric pouches is also described. By a 
two stage procedure the outlet is made in the flank with the body of 
the pouch dependent from it. Widespread digestion of the abdominal 
wall is avoided, and long survival of the animal is made possible. 
Quantitative collection of secretion can be done over long periods. The 
mechanical stimulation of secretion is reduced to a minimum by obvi- 
ating the necessity of inlying cannulas. The animal is enabled to live a 
normal life even during periods of observation. The care of the 
animal is greatly facilitated. 


HY 


ance 
abnor 
howe’ 
the pi 
much 
eratic 
anim: 
occult 

N 
best 
the | 
gene! 
strat 
raise 
of a 
migh 
shou 

prob 
the 
mor; 


and 


from 


rs 
a 
= 
ance 
| 
mus 
new 
ay 
= 


soft 
ouch, 
of a 


estion 
1ental 
ith a 
inued 
and 


tech- 
one 
ration 
rotein 


both 
ration 
ntact. 
f the 
pe of 
nimal 
lation 
tic, is 
ouch, 


By a 
ly of 
minal 
sible. 

The 
obvi- 
live a 
f the 


HYPERPLASIAS OF THE MAMMARY GLAND IN 
THE HUMAN BEING AND IN THE MOUSE 


MORPHOLOGIC AND ETIOLOGIC CONTRASTS 


HOWARD C. TAYLOR 
AND 


CHARLES A. WALTMAN, 
NEW YORK 


M.D. 


M.D. 


Evidence accumulating in the last few years has led to wide accept- 
ance of the theory that new growths of mammary tissue are due to 
abnormal endocrine stimulation. Examination of this evidence shows, 
however, that it pertains largely to mammary tumors in animals and that 
the precise nature of the hypothetic glandular dysfunction, even with the 
much studied mouse cancer, is not known. Especially has little consid- 
eration been given the extent to which generalizations derived from 
animal study may justifiably be applied to the explanation of tumors 
occurring in man. 

Nevertheless, mammary cancer in the mouse continues to afford the 
best starting point for the study of conditions under which cancer of 
the breast may develop. Past experiments have already shown the 
general importance of the ovarian hormone, since it has been demon- 
strated that the incidence of tumors can be lowered by oophorectomy and 
raised by administration of estrogenic substances. The search for signs 
of a peculiar ovarian physiology in mice of the “high tumor strains” 
might easily give some clue to the type of ovarian dysfunction which 
should be looked for in women with cancer of the breast. 

These studies are, then, an attempt to bring into closer association the 
problems connected with mammary tumors in the human being and in 
the mouse. In particular, they are concerned with contrasting the 
morphologic structure of supposedly precancerous lesions in the mouse 
and in man and with the possibilities of comparable endocrine disturb- 
ances underlying each. They follow a line of research which we believe 
must be continually returned to as new technics give opportunities for 
new types of investigation and new physiologic knowledge requires 


From the Memorial Hospital, Breast Service of Dr. Frank E. Adair. 
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changed interpretations. The work has been divided into five principal 
sections : 

1. A reexamination of the histology of the diffuse benign lesions 
commonly grouped under the term “chronic mastitis” to afford a basis 
for a morphologic comparison with lesions of the mammary gland of the 
mouse. 


2. A review of the clinical evidence for ovarian dysfunction jn 
women with “chronic mastitis.” 


3. An examination of the gross and histologic structure of the mam- 
mary glands of two strains of mice (differing in their susceptibility to 
mammary cancer) at various ages, to compare the spontaneously develop- 
ing epithelial lesions with those of “chronic mastitis’’ in women. 


4. A histologic study of certain of the endocrine organs of the two 
strains of mice in search for evidence of a specific physiologic difference 
between the two strains. 


5. An examination of the gross and histologic structure of the mam- 
mary glands of the two strains after the injection of various endocrine 
substances, again in search of lesions resembling morphologically those 
present in “chronic mastitis.” 


I. HISTOLOGY OF THE TWO MAJOR FORMS OF CHRONIC 
MASTITIS, ADENOFIBROSIS AND HYPERPLASIA 
OF THE DUCTS 


Disagreement as to the actual nature of the pathologic process present 
in chronic cystic mastitis has existed since the earliest descriptions of the 
disease. In fact, the condition has been at various times regarded as an 
inflammatory process, a tumor, a congenital anomaly, a form of epithelial 
hyperplasia and a type of generalized fibrosis. Reexamination of the 
morphologic appearance of the diseased tissue is constantly necessary, as 
pathologic conceptions change, and is essential at present, when com- 
parisons are being made between this disease and various lesions produced 
by administration of endocrine substances to animals. 


MATERIALS 


The pathologic material consisted of mammary tissue removed at 
operation from 103 patients with chronic cystic mastitis. Hematoxylin 
and eosin stains were used for all specimens, and for some of them fat 
stains (sudan III) and connective tissue stains (Masson’s trichrome and 
Van Gieson’s) also were employed. Besides the pathologic sections, 
there were available descriptions of the clinical aspects of the disease in 
the breast and data on the reproductive and menstrual histories. 

In a previous paper the histologic picture associated with the con- 
trasted symptoms of pain and nodularity on the one hand and of dis- 
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charge from the nipple on the other were investigated on the basis of 
tissue obtained at operation from parts of the breast outside the abnormal 
focus for which the surgical procedure was undertaken. The material 
was thus adapted to show the general structure of the breast in which 
these respective symptoms occurred. The present material is dif- 
ferent in that the sections were from the circumscribed areas which 
provided the indication for operative intervention. The material, then, 
should show the more complex characteristic lesions arising respectively 
in breasts of the two general types. 


METHOD 


The study of the pathology of chronic mastitis was pursued in the 
following manner: The occurrence of special pathologic structures or 
processes, such as cysts, papillomas and fibrosis, was first tabulated for 
each case. The cases were then sorted into four categories based on 
general clinical characteristics. The kind of histologic lesions character- 
istic of each clinical form was thus determined. This step gave evidence 
that in the group of conditions generally classed as chronic cystic mastitis 
one is probably dealing with at least two separate entities. The recogni- 
tion of such a subdivision is naturally essential before any attempt is 
made to compare spontaneous human with experimental animal mam- 
mary lesions. 


LESIONS OCCURRING IN 


CHRONIC CYSTIC MASTITIS 


After considerable study it has seemed best to classify the lesions 
present in the 103 cases under four principal heads, namely: 1. Distor- 
tion of the mammary architecture as a result of increase in amount of 
fibrous tissue or of normally formed acini (adenofibrosis). 2. Prolifera- 
tion of atypical acini (adenosis). 3. Inflammatory disease of the ducts. 
4. Neoplastic disease of the ducts. 


1. Adenofibrosis——The normal mammary lobule consists of a group 
of small tubules, branches of a small duct lying within a zone of relatively 
loose and cellular connective tissue. This tissue causes the lobule to be 
more or less demarcated from the coarse, acellular connective tissue of 
the breast as a whole. It has been compared (Moszkowicz') with the 
stroma of the endometrium and a functional similarity suggested, since 
each tissue surrounds active epithelial elements of the reproductive 
system and each is affected by the cycles of menstruation and pregnancy. 

The size of the lobules and their number unquestionably vary tre- 
mendously with the individual person (Dieckmann*). Mammary 


1. Moszkowicz, L.: Sexualzyklus, Mastopathie und Geschwulstwachstum der 
Mamma, Arch, f. klin. Chir. 144:138-161, 1927. 

2. Dieckmann, H.: Ueber die Histologie der Brustdriise bei gestértem und 
ungestortem Menstruationsablauf, Virchows Arch. f. path. Anat. 256:321-356, 1925. 
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changes in relation to the menstrual cycle are probable, but these can 
scarcely affect the actual number of tubules (Moszkowicz;? Dieck- 
mann;* Dawson*). It is impossible to establish a “standard breast,” 
and it will lead to error if a diagnosis of pathologic hyperplasia is made 
simply on the basis of the unusually large size or number of the lobules. 

The simplest and probably the earliest lesion to be observed in the 
painful nodular breast without secretion is a loss of the normal architec- 
tural relation of the lobule (table 1). This is apparently the result of 


TasLe 1.—Clinical Type in Relation to Pathology of Lobule and Acini 


Group 1 Group2b Group2e Group3 
Pain Group 2a Sangui- Inde- Pain Group4 
and Milky neous terminate and No 
Nodu- Dis- Dis- Dis- Dis- Symp- 
larity charge charge charge charge toms Total 


47 11 9 17 9 10 108 


2 1 3 0 3 15 

5 5 0 2 3 1 16 

15 1 0 5 3 2 30 

21 3 4 7 3 + 2 

Cause of lobular distortion 

No distortion......... Seevssacee 6 2 1 3 0 3 15 
Underdevelopment............. 6 3 4 6 1 1 
Patocceesepssebenesaoess 13 0 1 1 1 0 
Pibrosis and cystic dilatation.. 3 0 0 0 1 1 
“Diffuse fibroadenoma”........ 3 0 0 1 0 0 
Fibrosis and acinar diffusion. . 4 3 1 0 1 0 
Diffusion of acini............... 7 0 1 5 4 8 
bas boonies 5 3 0 1 1 2 


Hwan 
Own 


Fibrosis and acinar diffusion. . 
Diffusion atypical acini........ 
Hypertrophic acini............. 


roown 
ue 


three principal processes, fibrosis of the specific connective tissue of the 
lobule, diffusion of the glands beyond the confines of the lobule through 
the general supporting tissues of the breast and sometimes cystic 
changes in the glands within the lobule. a. Fibrosis: The occurrence 
of fibrosis as one of the essential processes in human mammary disease 
is easily demonstrable. On clinical examination the gland itself appears 
hard, disklike and sharply defined from the overlying subcutaneous fat. 
On gross section the breast is white, dense and shining with disappear- 


3. Dawson, E. K.: Sweat Gland Carcinoma of the Breast: 
Histological Society, Edinburgh M. J. 39:409-438, 1932. 
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ance of much of the adipose tissue. Surprisingly, in microscopic section 
even of breasts with a history of recent marked increase in size, 
epithelial elements are actually rare and insignificant in the mass of new 
fibrous tissue. Such cases have been noted in a previous publication and 
by Leriche.* 

Emphasis has been placed on fibrosis by a considerable list of writers. 
Marchand,® who was among the first, actually used the term “diffuse 
fibromatosis.” Lexer,® also using this term, noted that the interglandular 
tissue at times has an almost sclerotic quality and stated the belief that 
the cystic dilatation is due to compression of the ducts. Berthels * like- 
wise maintained that the increase in connective tissue is the primary 
process and that as a result of the ingrowth of interlobular tissue into 
the lobules the acini are separated and strangulated. Secondary to this 
fibrosis there develop, according to this writer, secretion stasis, round 
cell infiltration and regressive and progressive epithelial changes. Many 
other writers have placed great importance on the connective tissue 
aspects of the disease (Dietrich;* Todyo;* Kiickens;*® Consten **). 
Still others, though not regarding the connective tissue change as the sole 
primary one, have accorded it more or less importance (Theile;** 
Cheatle and Cutler ;** Semb;** Greenough and Hartwell **) and have 
agreed that it is associated with the new formation of epithelial elements. 


4. Leriche, R.: Hypertrophie mammaire douloureuse, flétrie par castration, 
Lyon chir. 20:653-655, 1923. 

5. Marchand: Diffuse Fibromatose der Mamma, Miinchen. med. Wchnschr. 
63: 396, 1916. 

6. Lexer, K.: Fibromatose der Mamma, Beitr. z. klin. Chir. 88:662-670, 1914. 

7. Berthels, A.: Ueber die Mastitis chronica (cystica) und ihren Uebergang 
in Carcinom, Deutsche Ztschr. f. Chir. 124:9-45, 1913. 

8. Dietrich, A.: Riickbildungsvorgange, Fibromatose und Krebs, Deutsche 
Ztschr. f. Chir. 195: 145-156, 1926. 

9. Todyo, T.: Ueber die cystische Entartung der Brustdriise, Arch. f. klin. 
Chir. 104:440-454, 1924. 

10. Kiickens, H.: Ueber die Fibrosis mammae und die mit ihr zusammen- 
hangenden Geschwulstbildungen, Beitr. z. path. Anat. u. z. allg. Path. 80:40-115, 
1928. 

11. Consten, A.: Ueber die diffuse Fibromatose der Brustdriise beim Manne, 
Deutsche Ztschr. f. Chir. 167:264-281, 1921. 

12. Theile, P.: Zur Kenntnis der fibroepithelialen Veranderungen der Brust- 
drise unter Beriicksichtigung des klinischen Verhaltens, Arch. f. klin. Chir. 28: 
261-302, 1908-1909. 

13. Cheatle, G. L., and Cutler, M.: Tumors of the Breast, London, Edward 
Arnold & Co., 1931. 

14. Semb, C.: Pathologico-Anatomical and Clinical Investigations of Fibro- 
adenomatosis Cystica Mammae and Its Relation to Other Pathological Conditions 
in Mamma, Especially Cancer, Acta chir. Scandinav. (supp. 10) 64:1-484, 1928. 

15. Greenough, R. B., and Hartwell, H. F.: Chronic Cystic Mastitis: A Study 
of Thirty Cases, J. M. Research 9:416-444, 1903. 
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In this series, simple fibrosis or connective tissue proliferation jp 
association with glands was evident in the majority of the cases in which 
pain and nodularity were present (table 1). It occurred in several 
forms. In one the entire supporting tissue of the breast was reduced 
to dense acellular hyaline connective tissue with islands of almost lost 
acini in clusters without any of the usual “mantle” connective tissue 
about them (fig. 1). In some areas, not dissimilar in appearance to 
those observed in myomas of the uterus, hyaline degeneration was noted. 
In such cases the entire supporting connective tissue of the breast had 
apparently been involved, with replacement not only of the parenchyma- 
tous but also of the adipose tissue of the breast. In another type some 
evidence of lobulation remained, but the individual acini were separated 
and entirely surrounded by dense connective tissue replacing the normal 
loose areolar tissue of the lobule (fig. 2). Finally, in rarer cases, 
laminated concentric rings of connective tissue surrounded the ducts 
and the acini and gave a fibroadenomatous structure. Sometimes this 
merely demarcated single lobules from the surrounding tissue, in other 
instances the areas of diffuse fibrous and adenomatous change gradually 
became nonencapsulated fibroadenomas. Evidence of inflammation was 
notably absent in these cases. 

b. Fibrosis with Diffusion of Glands: In a smaller percentage of 
cases the lobulation was found to be lost as a result of diffusion of 
relatively normal-appearing glands through the supporting tissue of the 
breast. Arrangement of glands in lobular form was not present, but single 
tubules, often somewhat dilated, were scattered at more or less regular 
intervals throughout the microscopic fields (fig. 3). That proliferation 
of connective tissue accompanies this development of acini is almost a 
certainty but is hard to prove except when the diffuse acini are sur- 
rounded by a definite zone of typical periacinar connective tissue. Such 
a nonencapsulated fibroadenoma is probably analogous with the diffuse 
adenomyoma of the uterine walls, with its glands and accompanying 
endometrial stroma. 

The normal lobular architecture may also be disturbed by dilatation 
of the acini to form small cystic structures. This process is usually 
accompanied by some degree of fibrosis or diffusion of the acini beyond 
the confines of the lobule and appears to be simply a part of the general 
condition described as adenofibrosis. 

2. Proliferation of Abnormal Acini.—A good deal of controversy, 
possibly somewhat futile, has existed over the distinction between a 
duct and an acinus or alveolus. Certain writers prefer to avoid the 
issue by reserving the term alveolus or acinus for the secreting units 
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Fig. 1—Diffuse fibrosis of the breast with absence of lobules in a married 
woman aged 41 with marked nodularity and premenstrual mammary pain. The 
patient had had one miscarriage. The menses were normal. 
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Fig. 2.—Intralobular fibrosis in a childless married woman aged 39 with pre- 
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Fig. 3—Loss of lobulation by diffusion of ac 
patient had had children 
on the fifth day of the cycle. 


with premenstrual pain in the breast and nodularity of the outer quadrant. 
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of the lactating gland and referring to the smaller units in the gland of 
the nonpregnant female as ductules (Dawson *). 

The matter is not without importance. In the lower animals, jn 
which the distinction can more easily be made, the growth of the duct 
system has been ascribed, on the basis of certain experiments, to one 
glandular principle and that of the acini to another (Turner and 
Frank**). This theory of contrasting physiologic origin has been 
carried over to human pathology and made the basis of a theory of 
origin of different types of mammary disease, one based on the estro- 
genic and the other on the corpus luteum hormone (Lewis and Geschik- 
ter‘). A second point of importance is that human mammary cancer 
is now regarded as usually ductal in origin and only exceptionally 
acinar. The ability to distinguish, therefore, between ducts and acini 
in the human breast is of immediate theoretic and ultimate practical 
importance. 

The literature indicates a decided confusion in the identification by 
various writers of these different structures. From perusal of their 
work and from observation of this series of cases, it appears to us 
doubtful that arbitrary distinctions between the terminal ducts and the 
acini are possible. A sharp difference in their physiologic control like- 
wise seems improbable, and to distinguish them after a pathologic process 
has set in, quite impossible. When the terms are used in the following 
pages, the word acinus is employed to refer to the tubules of smallest 
caliber, especially when grouped in a lobular arrangement, whereas 
statements on the behavior of the ducts are based as a rule on observa- 
tions made on only the medium and larger ducts. 

‘Proliferation of abnormal acini was not a common finding in this 
series of cases and when it occurred exhibited several forms. In one 
group the tubules were dilated and lined by several tiers of cuboidal 
cells. In another group many of the acini were enlarged and seemed to 
be proliferating. In a third group there was apparently an increase in the 
number of very small tubules, often so closely packed as to leave only 
a few fibers of connective tissue between them and frequently taking 
the form of solid cell groups (fig. 4). Areas were encountered in some 
places where distorted cords of cells and acini extended irregularly 
beyond what should have been the margin of the lobule. The last- 
mentioned type, occurring rarely in this series of cases, resembled some- 
what a miniature carcinoma. 


16. Turner, C. W., and Frank, A. H.: The Relation Between the Estrus- 
Producing Hormone and a Corpus Luteum Extract on the Growth of the Mammary 
Gland, Science 73:295, 1931. 

17. Lewis, D., and Geschickter, C. F.: Ovarian Hormones in Relation to 
Chronic Cystic Mastitis, Am. J. Surg. 24:280-304, 1934. 
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Fig. 4—Proliferation of the acini in lobular formation in a married woman 
aged 48 without mammary symptoms or nodularity except for the lump removed. 
The patient had had children. The menses were normal. 
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Morphologically considered, this atypical acinar proliferation bears a 
close relation to the common diffuse process just described as adeno- 
fibrosis. It is perhaps simply a subdivision of that condition, arising 
locally as relatively intense proliferation or even regeneration of acini, 
On the other hand, examples of it were found also in sections from 
patients with secretion from the nipple and even with breasts apparently 
normal except for the lump removed. 

This relatively uncommon acinar proliferation may be of consider- 
able importance. It is the form of human mammary lesion which, as 
will be pointed out later, resembles most closely the type of abnormal 
proliferation developing in the glands of mice susceptible to mammary 
carcinoma. 

3. Disease of the Ducts—In the simplest form of disease of the 
larger mammary ducts, the chief pathologic feature is not neoplasm 
but inflammation. The lining of the duct is normal. The caliber is 
perhaps somewhat increased, but the connective tissue beneath the duct 
is infiltrated with lymphocytes and sometimes plasma cells, scattered 
diffusely or occurring in small collections (fig. 5). The inflammation 
is most marked about the large and medium-sized ducts, but it occa- 
sionally extends into the lobules, which are edematous and infiltrated 
with round cells. This inflammation is apparently due to absorption of 
degenerating secretion and duct contents. It is found in the breast 
with a discharging nipple and subareolar thickening and never in the 
type with diffuse, fibrous nodularity and premenstrual pain. 

In some of the cases studied the ducts contained cells with large, 
pale-staining cytoplasmic bodies and round, distinct nuclei (fig. 6). In 
others, similar cells lined the ducts or were noted in various stages of 
separation from them. The ducts with these. swollen; desquamating 
cells showed in a few instances €vidence of proliferation of their normal 
lining cells (fig. 7). This condition, apparently similar to the “desquam- 
ative hyperplasia” of Cheatle and Cutler,** was encountered chiefly in 
cases of duct stasis. Whether these cells represent simply duct 
epithelium in some stage of function or degeneration or are fat-contain- 
ing endothelial leukocytes is not certain. 


4. Abnormal Proliferation of Ducts—Hyperplastic and neoplastic 
disease of the larger ducts may develop with one of two types of 
epithelium. 

a. “Sweat Gland” Epithelium: The cells of the acidophilic, or 
“sweat gland,” epithelium are cylindric, several times as large as those 
of normal ducts or acini, with a round vesicular nucleus and nucleolus 
and abundant eosinophilic, faintly granular cytoplasm. This epithelium 
was found in the form of various structures, namely, as a single tubule 
within a cluster of otherwise normally staining ducts and acini, as 4 
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Fig. 5.—Periductal inflammation in a married woman aged 36 with a yellowish 
discharge from the nipples. The patient had had children. She was menstruating 
for two and one-half days at intervals of twenty-one days. The tissue was obtained 
on the eighth day of the cycle. 
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Fig. 6.—Cellular contents of the ducts in a married woman aged 66 without 
pain or nodularity but with a turbid, serous discharge from the left nipple. The 
patient had had children. She had passed the menopause. 
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Fig. 7—“Desquamative hyperplasia” in a married woman aged 42 with neither 
pain nor a discharge from the nipple, operated on for a circumscribed nodule arising 
in the breasts with moderate bilateral diffuse nodularity. The patient had had 
children. The menses were normal. 
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Fig. 8.—Hyperplasia of the lining of the ducts in a married woman aged 48 
complaining neither of pain nor secretion but simply of an isolated nodule in an 
otherwise normal breast. The patient had had children. The menses were regular. 
The tissue was obtained on the fourteenth day of the cycle. 
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Fig. 9—Small papillomas and “arcades” in the ducts of a married woman 
aged 62 with no symptoms or signs except a serosanguineous discharge from the 
left breast. The patient had had children. She had been seven years in the meno- 
pause. 
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group of tubules in a normally constructed lobule or as the lining of 
all the members of a cluster of cysts. Cysts composed of “pale” epi- 
thelium have many projections into their cavities, which, however, haye 
sometimes more the appearance of broken septums than of true papillae. 

This “pale” epithelium is a characteristic finding in cases of human 
chronic cystic mastitis. It has been accorded a varying degree of 
importance since its first description by von Saar,’* Krompecher’s ” 
work claiming that the “sweat gland” cysts are the result of a congenital 
anomaly and that they give rise to carcinoma represents one extreme 
view. Dawson,* at the other extreme, maintained that they are directly 
derived from normal epithelium and have no relation to sweat glands 
or to carcinoma formation. She concluded that their peculiar staining 
reaction indicates a previous proliferation followed by a form of degen- 
eration. Our studies do not indicate the association of this epithelium 
with any special type of chronic mastitis. 

b. Neoplastic Proliferation of Duct Lining: More definite evi- 
dence of proliferation was found in the ducts composed of normally 
staining cells. Perhaps the simplest structure noted was the formation 
of clusters of dilated ducts with relatively low, inactive-appearing epi- 
thelium. In slightly larger ducts small cells were found heaped up so 
that the epithelium consisted of several layers of cells (fig. 8). In 
others the lining of the duct was much more complex, “arcades” and 
small papillomas being present (fig. 9). In a few cases smaller ducts 
were completely occluded by cells, while in the larger ones complex 
papillomas were present. These different structures appear to be mem- 
bers of a progressive series of proliferative forms of the same basic 
nature. 

SUMMARY 


It may be reiterated that for a claim to be made that “chronic cystic 
mastitis” has been reproduced experimentally in animals, at least a fair 
proportion of the morphologic forms of the human disease must be 
demonstrable. These may now be summarized as follows: 


1. Adenofibrosis 
a. Fibrosis of the lobule 


b. Diffuse proliferation of normally constructed acini with 
connective tissue 


18. von Saar, G. E.: Ueber Cystadenoma mammae und Mastitis chronica 
cystica, Arch. f. klin. Chir. 84:223-279, 1907. 


19. Krompecher, E.: Zur Histogenese und Morphologie der Cystenmamma 
(Maladie kystique Reclus, Cystadenoma Schimmelbusch, Mastitis chronica cystica 
K6énig) des intrakanalikularen Kystadenoms und der Kystadenokarzinome der 


Hidrokystadenocarcinoma der Brustdriise, Beitr. z. path. Anat. u. z. allg. Path. 62: 
403-472, 1916. 
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2. Abnormal acinar proliferation 
a. Multiplication of layers of cells lining the acini 
b. Multiplication of small acini in lobular arrangement 
c. Loss of lobulation by diffusion of acini 
d. Appearance of solid tubules and coalescing cell masses 
3. Non-neoplastic disease of the ducts 
a. Dilatation of the ducts with secretion in the lumens 
b. Inflammation of periductal tissues 
c. Abnormal function or degeneration of epithelium 
4. Abnormal proliferation of duct cells 
a. Sweat gland epithelium 
b. Neoplastic proliferation of the ducts 
i. Groups of cystic ducts 
ii. Reduplication of the cells lining the ducts 
iii. Formation of “‘arcades” 
iv. Occlusion of ducts by cells 
. Papillomas. 


EVIDENCE FOR SEPARATION 
FROM 


OF TWO DISTINCT ENTITIES 
THE GROUP OF CONDITIONS CALLED 
CHRONIC CYSTIC MASTITIS 


A review of the literature on chronic cystic mastitis shows an almost 
complete absence of work correlating clinical aspects with specific histo- 
logic characteristics. Such a correlation is of obvious importance. 
From a purely practical standpoint it is of value to know the probable 
microscopic structure underlying given clinical manifestations. Further- 
more, classification is simplified by consideration of a few general char- 
acteristics, such as the clinical signs and the gross appearance of the 
tissue. Dependence should not be placed wholly on the complex patterns 
of histologic structure. 

It was formerly assumed that the various morphologic forms 
observed in the diffuse benign processes in the breast represented 
various stages in the life history of a single process. More recently 
there has been a tendency to segregate certain separate types of the 
disease and to develop the belief that they represent distinct entities. 
Cheatle and Cutler ** have distinguished between “‘mazoplasia,” a con- 
dition characterized in part by hyperplasia of the pericanalicular and 
periacinar tissue, and “cystipherous desquamative epithelial hyperplasia,” 
a more active process with hyperplasia of the epithelial cells of cysts and 
formation of arcades and papillomas. Lewis and Geschickter ** have 
somewhat less definitely separated “adenosis” from “cystosis,” and 
Semb,'* “fibroadenomatosis simplex” from “fibroadenomatosis cystica.” 
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The 103 cases in the present study were classified on the basis of 
certain general characteristics into the following four groups, at first 
without reference to their histologic characteristics : 

1. Cases of pain in the breast, usually premenstrual, and diffuse 
increased density or nodularity of the breasts with no secretion from 
the nipple (47 cases). 

2. Cases of discharge from the nipple, usually with slight acyclic 
pain and little nodularity except for the distended ducts about the nipple 
(37 cases). This group was subdivided into: (a) cases of typical milky 


Taste 2.—Clinical Type in Relation to Pathologic Change in Ducts 


Group 1 Group2b Group2e Group3 
Pain Group 2a Sangui- Inde- Pain Group 4 


and Milky neous terminate and No 
Nodu- Dis- Dis- Dis- Dis- Symp- 
larity charge charge charge charge toms Total 
Number Of 47 ll 17 1 103 
Inflammation of duct 
ee 37 1 5 2 2 4 dl 
6 3 5 6 3 23 
4 0 3 1 1 9 
Dilatation of duct 
13 0 1 1 0 0 15 
25 1 2 2 4 2 Bi) 
6 5 6 8 2 7 34 
3 5 0 6 3 1 18 
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Clusters of cystic ducts........ 2 1 3 
Reduplication of lining epithe- 

icispsdtiecaseeeirssichaceea 8 6 1 6 7 5 26 
Solid epithelial masses......... 1 as 1 4 ss 6 
Small papillomas............... 3 1 é Pe 3 7 


discharge ; (b) cases of serosanguineous discharge, and (c) cases of a 
mixed or unclassifiable type of discharge. 

3. Cases in which the characteristics of both groups were present; 
that is to say, premenstrual pain, diffuse nodularity and discharge from 
the nipple (9 cases). 

4. Cases in which the characteristics of both group 1 and group 2 
were absent ; that is to say, in which there was neither pain nor discharge 
from the nipple, the only sign being a symptomless lump in an other- 
wise normal breast (10 cases). 

Tables 1 and 2 show that with certain clinical characteristics a pre- 
dominance of one type of histologic lesion may be expected. 

Group 1.—On clinical examination the painful nodular breast is often 
enlarged and the gland itself is sharply demarcated from the softer 
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overlying fat. Frequently the edge of the mammary tissue is so well 
defined as to have a clearly saucer-like outline. Usually the induration 
is more marked in the outer quadrant and the central ducts are not 
evident on palpation. There is no secretion from the nipple. 

Reports on the histologic appearance of this condition are ambiguous 
and contradictory. Sebening *° has described for it a state of chronic 
proliferation of the lobules, with their failure to take part in what he 
conceived to be the normal changes of the menstrual cycle. Cotte and 
Pallot 22 described a thickening of the periacinar basement membrane. 
Rosenburg ** ascribed the premenstrual pain to epithelial proliferation ; 
Moszkowicz* ascribed it to hyperplasia of the glandular fields, and 
Cheatle and Cutler ** ascribed it to distention of the ducts with desquam- 
ation of the epithelial cells. The extreme examples, such as the one 
described by Leriche* as generalized fibrosis, perhaps afford better 
material for discovering the essentials of this pathologic process than 
do the mild conditions, for in the latter the characteristic tissue changes 
may not be developed enough to be classifiable. 

In the present series of cases the most consistent abnormality was 
distortion of the lobule, usually by fibrosis (figs. 1 and 2), sometimes 
by a coordinated growth of fibrous tissue and acini (fig. 3). Slight 
dilatation of the acini was often present, but the ducts were relatively 
normal. Evidences of inflammation were practically absent. Abnormal 
proliferation of the acinar or ductal epithelium occurred at times but 
was a relative rarity. 

The disease apparently takes various forms. At one extreme there 
is some localization of the lesion, producing a structure transitional to 
the fibroadenoma. In other examples the process is diffuse, and one 
notes the separation and diffusion of the acini by strands of coarse con- 
nective tissue. That the general supporting tissue of the breast partakes 
in this process is shown by the disappearance of adipose tissue, evident 
even on gross examination of some specimens. When the breast is 
markedly affected, microscopic sections show little but the acellular, 
sometimes even hyaline, connective tissue with small islands of lost 
acini. New acini may also be found in some cases in which one observes 


diffusely growing connective tissue and acini without evidence of lobule 
formation. 


20. Sebening, W.: Zur Physiologie und Pathologie der Brustdriise, Arch. f. 
klin. Chir. 184:464-485, 1925. 
21. Cotte, G., and Pallot, G.: Etude histologique et expérimentale de certaines 


hyperplasies mammaires prémenstruelles douloureuses, Gynéc. et obst. $3:113-133, 
1936. 


22. Rosenburg, A.: Ueber menstruelle, durch das Corpus luteum bedingte, 
Mammaveranderungen, Frankfurt. Ztschr. f. Path. 27:466, 1922. 
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The process is at times complicated by atypical and what may well 
be later developing epithelial proliferation (fig. 4). That these changes 
are secondary is suggested by their inconstant presence and the fact 
that they are unevenly distributed or only focally present. The fre- 
quency of these less typical changes is, of course, exaggerated in such 
a series as this, in which the tissue removed represented more or less 
circumscribed nodules. 

The basic process in the painful nodular breast is therefore fibrosis 
or at most adenofibrosis. The clinically evident increase in the density 
of the breast is due to the new fibrous tissue and the premenstrual pain 
to engorgement and edema of the lobules within the nonyielding fibrous 
connective tissue about them. The histologic structure and the clinical 
symptoms are closely analogous to those associated with uterine adeno- 
myosis. The proper term to describe the condition pathologically is 
fibroadenomatosis, as suggested by Semb,'* or, more simply, adeno- 
fibrosis. 


Group 2a.—The gross characteristics in this group are distinct from 
those of the preceding one. The induration is more central (it may 
even be entirely retroareolar) and has never the characteristic localiza- 
tion in the outer quadrants. When the breast is cut grossly, the tissue 
has not the smooth, shining, pure white appearance of that in the pre- 
vious group but may be honeycombed with cavities which ooze a milky 
fluid or tubular casts of pasty material. 

In this general group the basic histologic change is dilatation of the 
larger ducts and the filling of these with amorphous material or 
colostrum-like cells (figs. 6 and 7). About the ducts there appears a zone 
of lymphocytic infiltration of variable extent (fig. 5). Occasionally 
necrosis takes place and local abscesses develop. The lobular structure 
is sometimes normal, but often the lobules are large and numerous. In 
some sections, on the other hand, especially those taken near the areola, 
the lobules may be small or insignificant. Often there is edema of the 
lobules with considerable lymphoid infiltration suggesting an ascent of 
infection along the ducts to this point. Signs of secretion within the 
cells of the lobules may be present, but such secretion is often unex- 
pectedly slight. 

In this series, atypical epithelial proliferation was not a consistent 
finding in the cases of milky discharge from the nipple. When it 
occurred, it usually took the form of reduplication of the lining cells 
(fig. 8) of the large ducts. Rarely, more complex structures, such as 
small papillomas, were present. 


Group 2b.—In the typical case of this group there was bleeding from 
the nipple, often with no other clinical abnormalities. On gross section 
a dilated duct might be seen, with perhaps a definite papilloma. 
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This group is characterized histologically by various types of epi- 
thelial hyperplasia, especially of the ducts. There may be reduplica- 
tion of the epithelial lining, formation of pseudofollicles or “arcades” 
(fig. 9) or complete filling of the ducts with solid masses of cells or by 
complex papillomas. The absence of these structures in the histologic 
sections in some cases of bleeding is perhaps to be explained by the 
failure of either the surgeon or the pathologist to select the right area 
for section. 

Group 2c.—The group with mixed types of discharge, variously 
designated as “watery,” “serous” or “amber colored,” apparently 
included representatives of each of the two preceding groups. 


Group 3.—The group with both cyclic pain and discharge from the 
nipple was also heterogeneous. Histologic study showed both the acinar 
and the ductal type of structure. 


Group 4.—The clinical feature of this group was the absence of all 
mammary changes or symptoms except for an isolated lump. As might 
be expected, in several of these cases the condition was simply a local- 
ized adenomatous process affecting both lobules and ducts and exhibiting 
a very complex structure. 

CONCLUSIONS 


1. There are at least two, and possibly more, separate entities which 
have been called chronic cystic mastitis. 


2. The first type is characterized clinically by a diffuse nodularity, 
more marked in the outer quadrant, and by premenstrual pain. On 
gross section an increase in fibrous tissue is often evident. The basic 
histologic lesion is fibrosis or adenofibrosis involving the interstitial 
fat as well as the periacinar tissue. The ducts are relatively little 
affected. Dilatation of the glands and various evidences of epithelial 
hyperplasia are important and frequent complications but do not char- 
acterize the disease. The condition is analagous to adenomyosis of the 
uterus and should be termed adenofibrosis. 


3. A second definite type of mammary disease is characterized by a 
discharge from the nipples, often associated with palpable dilatation of 
the ducts near the areola. The basic histologic observations are edema of 
the lobules with perhaps some evidence of secretion in the cells, dilata- 
tion of the ducts, periductal inflammation and possibly some hyperplasia 
of the lining of the ducts. Depending on the conditions present, the 
disease should be termed nonpuerperal lactation, periductal inflamma- 
tion or duct hyperplasia. 

4. A third type is perhaps to be recognized in lesions arising more 
or less locally, such as a single papilloma in the larger ducts or the 
isolated nodules of Schimmelbusch’s disease. 
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5. The exact character of the individual lesions of chronic cystic 
mastitis and the association of certain of these to form separate entities 
must be recognized before any comparisons can be made with the lesions 
artificially produced by administration of endocrine substances to the 
lower animals. 


Taste 3.—Clinical Type of Mammary Disease in Relation to Reproductive and 
Menstrual! History and to Pelvic Lesions 


Group 1 Group2b Group2e Group3 
Pain Group 2a Sangui-  Inde- Pain Group 4 
and Milky neous terminate and No 
Nodu- Dis- Dis- Dis- Dis- Symp- 


larity charge charge charge 


charge toms Total 


Number of 


35.0 36.3 48.4 41.1 33.8 2 37.3 


Reproductive history 
15 
Married, sterile................. ll 
Married, miscarriages only..... 
Married, children..... li 


Menstrual characteristics 
Normal duration............... 


Pelvic examination 
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Retroversion, 2 to 3 degrees.... 
Previous hysterectomy......... 
Other pathologie change of 

Diseased adnexa................ 
Diseased cervix......... 


Type of mammary pain 


Breast secretion 
Secretion, unilateral............ 
Secretion, bilateral............. 0 


Breast consistence 

Nodularity, diffuse............. 10 

Nodularity, outer quadrant.... 30 
0 
8 
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Nodularity, central 
Normal consistency............ 
No note on consistency......... 
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II. ENDOCRINE DYSFUNCTION IN WOMEN WITH 
CHRONIC CYSTIC MASTITIS 
The clinical evidence for an endocrine dysfunction in a series of 261 
cases of chronic mastitis and the results of certain hormone assays on a 
part of this group were recently published in detail. The investigation 
indicated that a considerable percentage of patients with chronic 
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mastitis suffered from abnormal menstrual periods. At the same time, 
studies on the excretion of estrogenic and gonadotropic hormones, with 
the limitations of technic then available, failed to show any significant 
deviations from the normal. In the present paper it is proposed only 
to report the clinical evidence of ovarian disorder ‘obtained from the 
study of 103 cases on which the histologic work was based and in par- 
ticular to correlate the functional history with the pathologic types. 

In table 3 are set forth data on the endocrine factors which may have 
affected the breasts of the patients. Two points are of special impor- 
tance, reproductive history and menstrual disturbances. 


REPRODUCTIVE HISTORY 


Of the patients with painful nodular breasts, only 17 of 47 (36.2 per 


cent) had borne children, while of the patients with discharge from the 
nipple 41 of 46 (89.2 per cent) had children. All of the patients with 
a simple milky discharge had been pregnant. This contrast was evident 
also in the cases of the previous report and is clinical corroboration of 
the claim that two distinct entities are being dealt with. 


MENSTRUAL DISTURBANCES 


Disturbances of the menses affect a minority of patients with chronic 
mastitis but are more frequent than in normal women. A decrease in 
the amount and duration of the menstrual flow in the cases of painful 
nodular breast (adenofibrosis) has been noted by several previous 
writers ** and was again evident in about a fifth of the present series. 
The consistency with which this rather uncommon anomaly of men- 
struation has been reported in this type of case appears to establish its 
association with the disease. 


23. (a) Cooper, A. P.: Illustrations of the Diseases of the Breast, London, 
Longmans, Rees & Co., 1829, chap. 9, p. 76. (b) Copland, J.: A Dictionary of 
Practical Medicine, New York, Harper & Bros., 1859, pt. 5, pp. 929 and 936. 
(c) Cutler, M.: The Causes of “Painful Breasts” and Treatment by Means of 
Ovarian Residue, J. A. M. A. 96:1201-1205 (April 11) 1931. (d) Miller, C. J.: 
Pelvic Lesions as a Contributing Factor in Chronic Cystic Mastitis, Am. J. Obst. & 
Gynec. 10:375-379, 1925. (e¢) Rosenthal, M.: Ueber Neuralgieen der Mamma 
und neuralgische Brustdriisenknoten, Wien. med. Presse 14:25-28, 1873. (f) 
Taylor, H. C., Jr.: Gynecological Aspects of the Etiology and Treatment of 
Chronic Mastitis, Surg., Gynec. & Obst. 57:627-636, 1933; The Relation of Chronic 
Mastitis to Certain Hormones of the Ovary and Pituitary and to Coincident 
Gynecological Lesions, ibid. 62:129-148 and 562-584, 1936. (g) Velpeau, A. A. 
L.M.: A Treatise on the Diseases of the Breast and Mammary Region, translated 
by M. Henry, London, Sydenham Society, 1856. (4) Whitehouse, B.: Mastopathia 
and Chronic Mastitis, Surg., Gynec. & Obst. 58:278-285, 1934. (i) Witthauer, K.: 
Ueber Neuralgia mammae, Beitr. z. Geburtsh. u. Gyniak., 1902, pp. 42-50. 
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In 6 of 11 cases of milklike secretion (group 2a) a delay in menstry- 
ation was noted, which is also corroborative of previous reports. This 
delay in menstruation may be accepted as a characteristic of many 
patients with anomalous secretion from the breasts. . 

It is noteworthy that only 4 of the patients of this series had passed 
the menopause. Of these, 3 suffered from bleeding nipple and | 
exhibited an isolated lump in an otherwise normal breast. The papil- 
lomas of the ducts and the circumscribed complex adenomatous proli- 
ferations are to be regarded as nearly independent neoplasms, while the 
more diffuse processes, occurring before the menopause, are to a greater 
extent dependent on ovarian function. 

Finally, reference should be made to organic abnormalities of the 
pelvic organs, particularly multiple follicle cysts of the ovaries, reported 
in a previous paper (Taylor ***). While the significance of these in 
relation to the origin of chronic mastitis is not obvious, the ovarian find- 
ings assume more importance in the light of those to be described for 
mice susceptible to mammary carcinoma. 


III. SPONTANEOUS LESIONS RESEMBLING CHRONIC 
MASTITIS IN TWO STRAINS OF INBRED MICE 


In the previous section of this paper, the histologic structure of 
human chronic mastitis was analyzed and certain characteristics selected 
as probably representing basic processes. Two types of this disease, 
adenofibrosis and hyperplasia of the ducts, were described, and reasons 
were given for believing that they are separate entities. Henceforth 
these terms will be used in describing precise histologic lesions, the term 
chronic mastitis being reserved for both groups, especially when referred 
to in a clinical sense. 

For the experimental study of chronic cystic mastitis the mouse has 
certain great advantages. Spontaneous abnormal proliferation of the 
mammary epithelium occurs frequently, and the degree to which it 
develops varies with some hereditary factor. In these respects the con- 
ditions are more like those in the human being than are those known to 
occur in any other animal. One of the first steps must be a considera- 
tion of the histologic character of the spontaneously occurring lesions in 
this animal, particularly its similarity to that of spontaneous mammary 
lesions developing in women. 

The relative incidence of mammary carcinoma in mice has been 
studied in great detail, at first in reference to some hereditary factor 
present in certain inbred strains of mice but also with regard to the life 
histories of reproductive function and to the effects of administration 
of endocrine principles. Histologic investigation of the precancerous 
lesions of the mouse’s breast to supply material in any way comparable 
with that collected from the many pathologic studies of human disease 
is largely lacking. 
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Such a study of the benign proliferation of the mouse mammary 
gland is an essential step in establishing the value of work done on mouse 
mammary cancer for explaining carcinogenesis in the human breast. It 
is also necessary for the present investigation to establish the normal 
before proceeding to the effects of injection of various endocrine 
substances. 

METHODS 


Two strains of mice were selected, differing greatly in their susceptibility to 
spontaneous mammary carcinoma. The strain with the low incidence of tumor 
was the C57 strain of black mice; that with the high incidence, the Little dilute 
brown strain (dba). Considerable literature exists on the incidence of cancer in 
these strains (Murray,?* Little,25 Bagg and Jackson 2*). 

Neither the animals used for controls nor those to be described later, which 
received injections of endocrine substances, were ever mated. Vaginal smears were 
made daily, and the animals were killed as far as possible during estrus in order 
to avoid the complication of considering histologic changes based on the cycle alone. 

Histologic examination was restricted to the five glands from the left side of 
the animal. Ten to twenty sections were obtained from each and stained with a 
routine hematoxylin-eosin technic. 

The mammary glands of the right side were mounted grossly according to the 
technic described by Turner and Gardner.27 By this method the layer of sub- 
cutaneous fat and fascia containing the ramifications of the mammary gland are 
stripped from the muscles below and the skin above, stained with hematoxylin 
and mounted in balsam on a slide beneath a cover glass. 

These gross mounts appear to us almost essential. The mouse mammary gland 
is spread out over a wide area but lies almost in a single plane. Microscopic 
sections cutting across this plane show only a few ducts and acini and give a 
very poor conception of the gland as a whole. Differentiation between ducts and 
dilated acini seems almost impossible without the aid of these special preparations. 


NORMAL MAMMARY GLAND OF A MOUSE OF THE LOW 


TUMOR STRAIN” 
The mammary glands of 15 animals of the C57 strain varying in age 
from 3 to 1414 months were examined (table 4). 
The gross preparations (figs. 10, 11 and 12) showed the mammary 
tissue to be made up of a relatively simple duct system with from three 


24. Murray, W. S.: The Breeding Behaviour of the Dilute Brown Stock of 
Mice (Little dba), Am. J. Cancer 20:573-593, 1934. 

25. Little, C. C.: The Constitutional Factor in the Incidence of Mammary 
Tumors, Am. J. Cancer 27:551-555, 1936. 

26. Bagg, H. J., and Jackson, J.: The Value of a “Functional Test” in Select- 
ing Material for a Genetic Study of Mammary Tumors in Mice and Rats, Am. J. 
Cancer 30:539-548, 1937. 

27. Turner, C. W., and Gardner, W. U.: The Relation of the Anterior Pitui- 
tary Hormones to the Development and Secretion of the Mammary Gland, Research 
Bulletin 158, University of Missouri College of Agriculture, Agricultural Experi- 
ment Station, 1931. 
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to four series of branches. The ducts were all relatively slender, straight 
or curved. The ends were rounded, with sometimes two to three short 
terminal branches. These were often slightly club shaped and repre- 
sented everything that might be considered an acinus. Side branches 
along the course of the ducts were, as a rule, absent. 


Microscopic sections (fig. 13) showed the relative infrequency of 
these ducts. Often five or six cross sections of tubules were all that 
could be found in a given preparation. The larger ducts were lined by 


TABLe 4.—Age of Animals for Studies of Normal Breast 


“Low Cancer Strain” (C57) “High Cancer Strain” (dba) 


Mouse No. Age in Days Mouse No. Age in Days 


one or two layers of small, dark cells with little secretion in the cell bodies 
or in the lumens. The smaller ducts or acini were insignificant, col- 
lapsed bodies of tightly packed nuclei with little evidence of cytoplasm. 
The connective tissue was delicate and scant about both the larger and 
the smaller ducts. 

There was little difference in the complexity of the duct system of the 
older and that of the younger animals (figs. 10 to 13). In 4 mice more 
or less pronounced dilatation of the ducts occurred, and in 1 peculiar 
clubbed ends were present. These were the only cysts, in contradistinc- 
tion to dilatation of the ducts, that were encountered in the entire study 
of both treated and untreated animals. 
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Fig. 10.—Simplé ct system in the mammary gland of mouse of the “low tumor 
strain” at the age of 86 days. Gross preparation. 


; 

| 
q 


ARCHIVES OF SURGERY 


Fig. 11.—Simple duct system with absence of acini in a mouse of the “low tumor 
strain” at age of 168 days. Gross preparation. 
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y tumor 


Fig. 12.—Undeveloped acini in a mouse of the “low tumor strain” at the age of 
346 days. Gross preparation. 
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Fig. 13.—Large ducts with undeveloped acini in a mouse of the “low tumor 
strain” at the age of 346 days. Microscopic preparation. 
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NORMAL MAMMARY GLAND OF A MOUSE OF THE “HIGH 
TUMOR STRAIN” 


Twenty-five female mice of the dilute brown strain varying in age 
from 3 to nearly 17 months were studied (table 4). The structure of the 
mammary glands of these animals was strikingly different from that of 
the other strain and seemed to afford a possible basis for the special 
tendency to development of carcinoma in this race of animals. 

The difference between the strains was already apparent at the age of 
3 months. At this age the main ducts were similar to those in the C57 
strain, although possibly more slender. The terminal branches, however, 
occurring both at the ends and at the sides of the ducts, were definitely 
more numerous (fig. 14). 

By the age of 6 months the difference between the strains was com- 
pletely established. The ducts themselves were still slender and showed 
no evidence of further extension, and microscopic examination confirmed 
the absence of any proliferation of the epithelial lining cells. The peri- 
ductal connective tissue showed neither fibrosis nor lymphocytic 
infiltration. 

The great change was in the development of innumerable new alveoli. 
They were found most characteristically in small groups along the sides 
and ends of the ducts. The degree of proliferation was, however, by no 
means uniform, and focal areas of large clusters occurred. The acini 
were now definitely club shaped, even globular, although in places the 
lack of a definite basement membrane gave in the gross preparation 
(fig. 15) a feathery outline to the duct with its covering of acini. 

On microscopic examination of the mice at the age of 6 months acini 
were observed in clusters of three to four or more, often surrounding a 
dilated duct. These acini were small and distinct, often with a little pink- 
staining material in their lumens. The epithelium was still unexpectedly 
slight in amount considering what had been expected after examination 
of the gross preparations. 

After the age of 12 months the ducts became almost unrecognizable 
in the gross mounts, being concealed by masses of new acini. In some 
animals the ducts were uniformly involved, the edges having a shaggy 
appearance (fig. 16). In a few the proliferation was still somewhat 
focal (fig. 17) and relatively normal segments of ducts remained, with 
elsewhere solid clusters of alveoli producing opaque specks in the gross 
preparations—evidence that the gland tissue was no longer restricted to a 
single plane, 

Microscopically examined, the ducts of the older mice were often 
slightly dilated and contained secretion. The acini were scattered in 
groups of five or ten or in aggregations of fifty or more. These clusters 
consisted of many well formed acini. Both the lumens and the cells 
themselves contained a little secretion (fig. 18). Between these glands 
there were sometimes masses of epithelial cells (fig. 19). Some new 
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Fig. 14.—Multiplication of acini in the mammary gland of a mouse of the “high 
tumor strain” at 95 days of age. Gross preparation. 
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he “high ‘Fig. 15.—Indefinite margin of proliferating acinar masses in a mouse of the 
“high tumor strain” aged 210 days. Gross preparation, higher power. 
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Fig. 16—Uniform proliferation of the acini along the ducts in the mammary 
gland of a mouse of the “high tumor strain” aged 366 days. Gross preparation. 
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Fig. 17—Focal proliferation of acini in the mammary gland of a mouse of the 
“high tumor strain” aged 366 days. Gross preparation. ‘ 
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Fig. 18.—Cluster of well formed acini in the mammary gland of a mouse of the 
“high tumor strain” aged 414 days. Microscopic preparation. 
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‘Fig. 19.—Diffuse acinar proliferation in the mammary gland of a mouse of the 
“high tumor strain” at the age of 428 days. Microscopic preparation. 
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connective tissue was doubtless formed to support the new acini, byt 
there was nothing suggestive of pathologic fibrosis. 

This process of acinar proliferation was by no means consistent 
throughout the strain. A few animals at the age of 6 months showed 
more acinar development than did others twice as old. Such a difference 
may explain why certain animals of this strain have carcinoma and others 
do not. The cause of the difference in rate of development is perhaps 
to be found in the activity of the ovaries, which, as will be shown in a 
later section, varied in the different animals of the strain as regards both 
weight and number of corpora lutea. A correlation between marked 
epithelial growth in the mammary glands with heavy ovaries and many 
corpora lutea was suggested, but this was not proved by this series. 

Carcinoma developed in 1 mouse of the 23 of this group, only 6 of 
which lived over twelve months. This tumor had a glandular arrange- 
ment and apparently developed on the basis of the abnormal acinar 
proliferation. 

COMMENT 


The difference in the mammary structure of these two strains of mice 
as early as the end of the third month of life is too striking to leave any 
doubt as to the accuracy of the observation. The facts noted apply, of 
course, only to the two strains studied, and it is by no means certain that 
a similar contrast exists between all strains with high and all with low 
incidence of tumor. 

Gardner and Strong ** studied the development of the mammary 
glands of ten strains of varying susceptibility and noted little or no 
difference. They concluded that no structural factor is associated with 
the intrinsic hereditary predisposition to mammary carcinoma in mice. 
They terminated.their studies at about the one hundredth day, which was 
approximately the time at which our studies were begun. Fekete,” 
however, using the same strains as those employed in the present work, 
noted that during pregnancy certain.glands of the “high tumor strain” 
persisted in proliferation at a time when all of the glands of the C57 
strain had changed to functional activity and that after pregnancy regres- 
sion in the dba strain. was incomplete. 

_It appears, then, that the mammary glands in the female mice oi 
these strains are similar at birth but that differences become apparent by 
the end of the third month. The hereditary factor to be sought is 
probably, therefore, not in the gland itself but in stimuli which make 
themselves evident in morphologic change in the mammary gland early 
the life of the animal. 


28. Gardner, W. U., and Strong, L. C.: The Normal Development of the 
Mammary Glands of Virgin Female Mice of Ten Strains Varying in Susceptibility 
to Spontaneous Neoplasms, Am. J. Cancer 25:282-290, 1935. 

29, Fekete, E.: A Comparative Morphological Study of the Mammary Gland 
in a High and Low Tumor Strain of Mice, Am. J. Path. 14:557-578, 1938. 
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It should be emphasized also that the early changes which lead 
eventually to the development of spontaneous carcinoma in mice affect 
essentially the peripheral portions of the mammary gland. There are 
practically no changes in the larger ducts, no papillomas, no stasis of 
secretions and no signs of inflammation, no cyst formation and no 
fibrosis. The pathologic lesions of the human breast which the picture 
most closely resembles are the rare isolated areas of acinar proliferation 
or adenosis. 

CONCLUSIONS 


1. Striking differences are noted as early as the third month of life 
between the structure of the mammary glands of two strains of mice dif- 
fering as regards their susceptibility to mammary carcinoma. 

2. The essential difference is a vast increase in the number of acini 
in the cancer-susceptible strain. 


3. The human pathologic lesion which this picture resembles most 
closely is the rather infrequently encountered acinar proliferation, occur- 
ring in small foci and sometimes termed adenosis. 


4. The more commonly described characteristics of so-called chronic 
cystic mastitis, the development of new fibrous tissue, the periductal 
inflammation and the intraductal epithelial proliferation, are not observed 
to occur spontaneously in mice. 


5. The use of gross mounts of the mammary glands of mice of 
strains with a variable susceptibility to mammary carcinoma promises 
to be a valuable method for studying the possible stimulating or inhibiting 
effect of various chemical and biologic substances on the development of 
cancer. 


IV. ENDOCRINE CONSTITUTION OF TWO STRAINS 
OF MICE WITH TENDENCY TO SPON- 
TANEOUS MAMMARY CARCINOMA 


In the previous section it was pointed out that although the mammary 
structure of a cancer-resistant and a cancer-susceptible strain of mice is 
probably identical in the young females, a greater complexity of acinar 
structure appears in the susceptible strain as early as the third month. 
This leads at once to the hypothesis that the ovary of the susceptible 
strain produces more estrogenic hormone and that this is the specific 
factor in the production of the tumor. Such a view is untenable, how- 
ever, when it is remembered that when the same quantity of estrogen is 
administered from external sources to male mice, cancer will appear in 
the mammary glands of certain strains and not in those of others (Lacas- 
sagne °°). It appears probable, then, that the specific hereditary factor 


30. Lacassagne, A.: Influence d’un facteur familial dans la production, par la 


folliculine, de cancers mammaires chez la souris male, Compt. rend. Soc. de biol. 
114: 427-429 1933, 
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resides neither in a primary anatomic peculiarity of the mammary gland 
nor in simple hyperfunction of the ovary. 

Considerable speculation has been devoted to the nature of this 
transmissible hereditary factor. Lacassagne *° has suggested a difference 
in sensitivity of the mammary glands to identical quantities of estrogen. 
Cramer *' discussed the possibility of a greater susceptibility of the whole 
endocrine system, possibly due to a breakdown of some protective 
mechanism, and cited as evidence the “brown degeneration of the 
adrenals” observed by himself and Horning.** 

To afford a general parallel with the endocrine studies reported on 
the cases of chronic cystic mastitis, certain material was collected on the 
endocrine status of the two strains of mice being studied. Some of the 
results give merely a basis for comment on previously reported work of 
others. Certain observations, notably those on the ovaries themselves, 
are essentially new. 


ESTRUS CYCLES 


It was natural to hope that some disturbance in the estrus cycles 
might be found as an indication of a disturbed ovarian function in the 
strain of mice which had spontaneous mammary carcinoma. Peculiarities 
of the estrus cycle in strains susceptible to cancer were reported in 1934 
by Lacassagne.** Subsequent investigations have, however, failed to 
corroborate his observations (Bonser ;** Moskop, Burns, Suntzeff and 
Loeb ; ** Harde **). In older animals at the time of onset of tumor the 
cycles are said to become infrequent, with long periods of diestrus (Allen, 
Diddle, Strong, Burford and Gardner **). 


31. Cramer, W.: On Aetiology of Cancer of Mamma in Mouse and in Man, 
Am. J. Cancer 30:318-331, 1937. 

32. Cramer, W., and Horning, E. S.: Adrenal Changes Associated with 
Oestrin Administration and Mammary Cancer, J. Path. & Bact. 44:633-642, 1937. 

33. Lacassagne, A.: Sur la pathogénie de l’adéno-carcinome mammaire de la 
souris, Compt. rend. Soc. de biol. 115:937-939, 1934. 

34. Bonser, G.: Comparison of Normal Oestrous Cycle and of Response to 
Administration of Oestrin in Two Strains of Mice Differing Greatly in Incidence 
of Spontaneous Mammary Cancer, J. Path. & Bact. 41:33-42, 1935. 

35. Moskop, M.; Burns, E. L.; Suntzeff, V., and Loeb, L.: Incidence of 
Mammary Cancer and Nature of Sexual Cycle in Various Strains of Mice, Proc. 
Soc. Exper. Biol. & Med. $33:197-199, 1935. Burns, E. L.; Moskop, M.; Suntzeff, 
V., and Loeb, L.: On the Relation Between Incidence of Mammary Cancer and 
Nature of Sexual Cycle in Various Strains of Mice, Am. J. Cancer 26:56-68, 1936. 

36. Harde, E.: Influence des hormones et des vitamines dans la production 
des adéno-carcinomes chez la souris, Compt. rend. Soc. de biol. 116:999-1001, 1934. 

37. Allen, E.; Diddle, A. W.; Strong, L. C.; Burford, T. H., and Gardner, 
W. U.: Estrous Cycle of Mice During Growth of Spontaneous Mammary Tumors 
and Effects of Ovarian Follicular and Anterior Pituitary Hormones, Am. J. Cancer 
25: 291-300, 1935. 
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In the present investigation two characteristics of the cycle were 
considered: first, the length of the cycle, and second, the part of the 
cycle occupied by estrus itself. The latter figure was obtained by cal- 


Taste 5.—Estrus Cycles in Two Strains of Mice of Variable Susceptibility to 
Mammary Carcinoma 


Number of Average Percentage of 
Animals in Length of Cycle Estrus and Post- Total 
Series in Days estrus Spreads Readings 


a 
© 
o 
ol 
a 

Q 
=a 
a 


dba 


6 6.1 7.1 5 30.6 
4, 5, 6 4 13 8.6 70 26.8 26.4 205 808 
7, 8,9 7 19 8.1 7.2 36.4 32.1 253 1,018 
10, 11, 12 3 16 5.7 7.8 42.6 26.7 204 936 
13, 14, 15 3 10 5.2 9.0 46.0 18.5 87 546 
Over 15 l 2 9.0 7.4 18.7 18.9 16 90 


TasLe 6.—Comparison of Ovaries and Adrenals in Mice of Cancer-Susceptible and 
Cancer-Resistant Strains at Six Months 


C57 Strain dba Strain 
Number of Number of 
Corpora Lutea Corpora Lutea 
Weight Weight per Largest Weight Weight per Largest 
of Ad- of Cross Section of Ad- of Cross Section 
Mouse Weight, renals, Ovaries, ————~—-——, Mouse Weight, renals, Ovaries, —-_-~——_—, 
No. Gm. Mg. Mg. A B No. Gm. Mg. Meg. A B 
06B 22.5 §.2 7A 2 — 31 25.3 4.4 14.2 1 0 
07B 22.2 4.6 8.0 3 2 36 24.1 5.4 19.8 3 3 
09 22.1 10.2 15.6 3 2 46 28.2 3.2 22.6 5 4 
10 21.7 9.2 68 5 3 47 30.0 4.6 18.2 12 li 
13B 23.0 5.4 7.0 3 -- 49 29.0 6.6 25.4 18 10 
15B 23.5 5.0 9.4 5 1 50 25.6 6.6 15.0 1 1 
18 21.6 40 6.0 _ _ 56 27.5 5.4 22.8 6 6 
21A 19.5 9.4 7.0 2 1 57 26.7 48 14.4 10 8 
21B 22.5 42 6.8 2 1 58 28.5 48 23.0 12 10 
22 24.5 10.0 13.6 3 0 59 26.9 5.0 13.6 3 2 
23 25.1 5.6 8.8 3 3 60 29.1 6.2 23.4 4 3 
27 24.0 4.6 8.4 0 0 78 24.1 8.0 25.2 3 3 
30 22.0 3.8 6.4 0 0 79 26.5 10.6 28.2 7 4 
31 22.4 5.0 62 2 2 86 25.5 10.8 24.8 4 2 
33 25.7 5.6 &.8 2 1 87 28.5 6.8 82.2 15 7 
36 23.0 14.4 11.8 2 1 88 23.1 92 21.4 11 4 
37 24.5 4.6 10.8 — -- 89 25.1 15.2 24.2 3 3 
38 22.2 4.6 6.2 1 0 91 25.5 4.6 31.8 g 7 
48 21.2 6.8 62 0 0 93 20.2 8.2 13.8 12 8 
48 3.0 10.2 11.2 3 2 4 27.3 15.2 33.8 22 19 
75 21.1 6.6 10.4 3 2 99 21.2 8.6 16.2 -— — 
76 26.1 44 13.6 3 3 130 23.0 82 27.2 13 - 
9% 238 gs 11.8 3 2 140 20.8 13.2 24.2 13 5 
% 22.5 8.8 6.8 1 _ 143 18.5 40 30.0 11 4 
105 92.1 13.6 78 1 0 150 22.9 7.4 23.2 6 2 
112 93.5 106 a 4 2 
113 19.8 7.4 10.2 4 1 
Averages 22.8 6.9 9.0 24 1.3 25.3 7.5 23.1 8.5 5.4 


culating the percentage of the daily vaginal spreads that showed only 
cornified cells or cornified cells with a few leukocytes. Table 5 shows 
that during the earlier months the duration of the cycle was about the 
same for the two strains. Later the cycles of the dba strain became 
longer. The length of estrus itself as determined by the percentage of 
completely cornified smears was somewhat greater for the C57 strain, 
indicating that the longer cycles of the dilute brown strain were due to 
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more days of diestrus. It is uncertain what significance can be placed on 
these observations, but the differences noted are perhaps to be cor- 
related with the greater development of corpora lutea seen in the dba 
strain. 
OVARIES 


Early in the investigation we were impressed with the obviously 
greater size of the ovaries and the increased number of corpora lutea in 


TasL_e 7.—Comparison of Ovaries of Mice of Cancer-Susceptible and Cancer- 
Resistant Strains at Various Ages 


Strain dba Strain 

Weight of Weight of 

( Mouse Ovaries, Corpora Corpora Mouse Ovaries, Corpora Corpora 
Age No. Mg. LuteaA LuteaB No. Mg. LuteaA LuteaB 


3-6 months 6A 74 


0 0 12 12.0 6 4 
7A 7.6 2 2 13 20.0 9 8 
5 6.8 _ _ 42 _ 2 1 
ll 18.8 2 — 62 14.8 12 9 
12 8.2 4 1 63A - 2 1 
9.8 3 2 68C 13.6 
14 12.0 4 2 64B 16.3 1 1 
15B 10.6 3 1 65 7.3 ll 4 
52 8.6 2 1 66 12.8 8 7 
58 74 3 — 13.4 8 5 
54 9.4 5 1 71B 13.6 12 ll 
55 8.8 2 
56 7.4 
51 0 0 
73 — 3 2 
9.4 2.7 1.3 13.8 7.1 5.1 
7-12 months 23 —_ 0 0 01 _ 3 3 
29 6.2 0 0 03 _— 15 4 
BOA 3 3 04 16 
50B 4.0 0 0 43 19.2 10 8 
53 15.9 12 9 
54 13.6 0 0 
TIA 34.6 5 4 


Averages...........-. 


Over 12 months 19 J 33 t 
46 5.5 2 1 35 22.2 15 5 
74 6.7 5 1 46 17.7 11 1” 
49 18.8 12 8 
60 25.4 7 4 
63B 26.0 18 17 
69 22.8 15 12 
70 29.0 8 6 


the dilute brown strain. For that reason a number of additional animals 
were killed at the ages of 3 and 6 months to bring the number of pairs 
of ovaries examined to 44 for the C57 strain and to 54 for the dilute 
brown. 

The average weight of a pair of ovaries from the dilute brown strain 
at 6 months of age was 23.1 mg., and from the C57 strain, 9 mg. (table 
6). Only two pairs of ovaries of the cancer-susceptible strain weighed 
less than the heaviest ovaries of the cancer-resistant strain. The weight 
of ovaries obtained from smaller groups of animals at other ages indi- 
cated that the difference was constant (table 7). 
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Although serial sectioning was not resorted to, ten to twenty sections 
of each ovary were available. The number of corpora lutea in the largest 
available section of each ovary was tabulated. It must be remembered 
that the corpora lutea observable in the mouse ovary at one time represent 
not a single cycle but at least four, since it requires the duration ef several 
cycles for those formed at one ovulation to disappear (Allen **). Dif- 
ferentiation on histologic grounds between a regressing corpus luteum 
and a corpus albicans may be somewhat arbitrary. Nevertheless, the 
difference in the average number of corpora lutea in the two strains was 
too striking to admit the possibility of error. 

At the age of 6 months (table 6) the average number of corpora lutea 
observable in the largest cross section of the larger ovary of the dba 
strain was 8.5; for the smaller ovary in that strain, 5.4. The comparable 
figures for the C57 strain were 2.4 and 1.3 respectively. The ovaries 
obtained from the two strains at other ages continued to show this dif- 
ference (table 7). 

Casual examination of the microscopic sections also indicated a 
remarkable dissimilarity. The ovaries of the dilute brown strain were 
often so filled with coalescing corpora lutea as almost completely to 
obscure the stroma (fig. 20). The ovaries of the C57 animals were 
usually obviously smaller and contained only one to four fairly large, 
discrete corpora lutea lying between large areas of stroma (fig. 21). 
Other characteristics, such as the number of follicles of various size and 
the amount of follicular atresia, offered no immediate points of contrast. 

The increased number of corpora lutea in the cancer-susceptible strain 
may, of course, be interpreted as indicating greater stimulation of 
the mammary gland either by progestin or by estrogen. If this differ- 
ence were found consistently between all or most of the “high tumor 
incidence” strains on the one hand and of the “low tumor incidence” 
strains on the other, it would be a step toward explaining the greater 
epithelial activity in the mammary glands of the mice in which the inci- 
dence of tumor is high. 

UTERUS 


Microscopic sections made of the uteri showed little structural dif- 
ference between the two strains. Weights were not determined, but 
those of the dilute brown strain appeared at autopsy to be, as a rule, the 
larger. 

ADRENALS 


Changes in the adrenal glands associated with the reproductive cycle 
are to be sought in a zone lying at the inner margin of the cortex and 
immediately about the medulla. This region, made up of small, dark 


Pe Allen, E.: The Oestrous Cycle in the Mouse, Am. J. Anat. 30:297-371, 
2. 
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Fig. 20.—Typical ovary of the cancer-susceptible strain at the age of 6 months. 
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basophilic cells, is prominent in the young mouse and has been termed 
the x-zone. According to Howard-Miller’s * studies, it appears in both 
sexes about the tenth day after birth. In the male the x-zone tends to 
disappear after the fourth week; in the female it persists somewhat 
longer. Progressive degeneration, however, gradually develops, so that 
at the age of 201 days there is absence of the x-zone in 60 per cent of 
unmated female mice and partial degeneration in the remainder. Castra- 
tion in the male delays degeneration; pregnancy in the female precipi- 
tates it. Degeneration begins with vacuolization of the cells and 


Fig. 21—Typical ovary of the cancer-resistant strain at the age of 6 months. 


progresses to their complete disappearance, so that only a thin rim of 
connective tissue separates the cortex from the medulla. Deanesly * 
made somewhat similar observations. She found the x-zone at times 
intact in the unmated female at the age of 12 weeks and reported in a 
few cases the later development of a new cortical zone at the site of the 
x-zone, which she felt might be the homologue of the zona reticularis of 


39. Howard-Miller, E.: Transitory Zone in Adrenal Cortex Which Shows 
Age and Sex Relationships, Am. J. Anat. 40:251-293, 1927. 

40. Deanesly, R.: Study of Adrenal Cortex in Mouse and Its Relation to 
Gonads, Proc. Roy. Soc., London, s.B 103:523-546, 1928. 
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other adult animals. Degeneration of the x-zone, according to her 
observations, occurs either by vacuolization or by an inconspicuous 
process of cellular degeneration. 

A possible significance of the x-zone in the etiology of mammary 
carcinoma in mice has been pointed out by Cramer and Horning.” 
These workers observed that when an estrogenic substance was admin- 
istered to normal mice of mixed strains there occurred in the peripheral 
part of the medulla and to a less extent in the cortex a necrosis and 
impregnation of masses of cells with lipoid material which on account 
of its appearance in unstained preparations they termed “brown degen- 
eration.” Occurring much later and having decidedly different morpho- 
logic characteristics, it is not to be regarded, however, as the same 
process as the apparently physiologic disappearance of the x-zone. The 
process of “brown degeneration” observed by Cramer and Horning * 
occurred spontaneously only in a strain of mice (DZ) with a high 


Tape 8.—Comparison of X-Zones of Adrenals of Cancer-Resistant and Cancer- 
Susceptible Strains 


Cancer-Resistant Cancer-Susceptible 


3 Beginning Advanced Complete Beginning Advanced Complete 
Age, Normal Degenera- Degenera- Degenera- Normal Degenera- Degenera- Degenera- 
Months X-Zone tion tion tion X-Zone tion tion tion 


incidence of spontaneous mammary carcinoma. The authors empha- 
sized the importance of this lesion as perhaps one of the specific factors 
characterizing the exceptional susceptibility of the strain to mammary 
cancer. 

From animals to which no injections were given we have examined 
50 pairs of adrenals of the C57 strain and 52 pairs of the dilute brown 
strain. The organs were weighed but sectioned with a paraffin technic, 
which allows only an imperfect study of lipoid-containing cells. Also, 
the majority of the adrenals studied were from mice only 6 months of 
age, so that the question of the spontaneous development of brown 
degeneration could not be thoroughly investigated. In the 19 animals 
of the “high cancer strain” which were killed after the age of 6 months, 
it was, however, not prominent. 

There was considerable evidence (table 8) that some delay occurred 
in the disappearance of the x-zone in the animals of the dilute brown 
strain as compared to those of the C57. At 2 months the x-zone was 
nearly intact in both strains. At 3 months considerable degeneration 
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had occurred in the C57 animals, but degeneration was only beginning 
in the dilute brown strain (figs. 22 and 23). At 6 months, of 30 
animals of the C57 strain, 1 showed early degeneration, 17 advanced 


* ie 


Fig. 22.—Typical adrenal of the cancer-susceptible strain at the age of 3 months. 


degeneration and 12 complete degeneration. At the same age, of 26 
animals of the dilute brown strain, 24 showed early degeneration and 
2 advanced degeneration. 
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. 23.—Typical adrenal of the cancer-resistant strain at the age of 3 months. 
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Vacuoles appeared during the course of degeneration, especially in 
the dilute brown strain. The difference in the manner of degeneration 
apparent in these two strains may explain why various observers in the 
past have disagreed as to the way in which the disappearance of the 
x-zone is brought about. 

In a few instances in older animals, again especially in the dilute 
brown strain, clusters of dark cells were once more present in the region 
of the x-zone, often irregularly placed and sometimes connected by 
cords of similar cells to others immediately beneath the capsule. Some 
controversy has existed as to the possibility of a late regeneration of 
the x-zone, but the significance of these cells appearing in older animals 
just outside the medulla is made clear to us neither from study of our 
own material nor from a careful consideration of the literature. 

The weight of the two adrenals at 6 months averaged 6.9 mg. for 
the C57 strain and 7.5 mg. for the dilute brown strain. It is doubtful 
whether this is a significant difference. 


THYROID 


Barry and Kennaway *' have recently reported a type of thyroid 
morphologic structure which they concluded is somewhat characteristic 
of mice with a high incidence of cancer. In examining the thyroid of 
several strains, they noted two types of gland. The thyroids of the 
CBA strain (of low cancer incidence) possessed a structure charac- 
terized by vesicles of relatively uniform size distended with eosinophilic 
colloid and lined by a uniform layer of low cuboidal or flattened cells 
with darkly staining nuclei. A second type was noted in Simpson's 
strain of albinos after treatment with estrone (theelin) and in untreated 
animals of Little’s dilute brown strain. This type was characterized 
by great diminution and vacuolization of the colloid, expansion of the 
epithelial cells and loss of the uniform appearance of the gland, so 
that the peripheral vesicles often contained the most colloid, the central 
ones being small and collapsed. 

In studying the thyroids in this series, both of the normal controls 
and of the experimental animals to be described in a later section, the 
entire gland was removed intact and sectioned histologically with the 
larynx in the center. A total of 35 glands from the C57 and 41 from 
the dilute brown strain were thus studied histologically for the normal 


morphologic thyroid structure of the animal to which no injections had 
been given. 


41. Barry, G., and Kennaway, E. L.: Structure of the Thyroid in Mice of 
Different Strains, Am. J. Cancer 29:522-529, 1937. 
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The results showed that the glands of the two strains could not 
with any consistency be separated from each other when treated as 
“unknowns.” All of the untreated animals of the C57 strain showed 
the first type of gland described by Barry and Kennaway,* with moder- 
ately large vesicles of fairly uniform size (fig. 24). The majority of 
the animals of the dilute brown strain also showed this type of gland, 
about 25 per cent exhibiting the small collapsed central vesicles of 
Barry and Kennaway’s second type (fig. 25). 


PITUITARY 


Changes in the anterior lobe of the pituitary gland after administra- 
tion of an estrogen have been reported by many writers and will be 
discussed later. Differences in the morphologic appearance of the glands 
of the untreated animals of low and high susceptibility to cancer might 
be expected on account of the dissimilarity of the ovaries. 

The pituitaries of all of the untreated animals of both strains were 
studied by serial section. With a simple hematoxylin-eosin staining 
technic no consistent differences between the strains could, however, 
be noted. 


CONCLUSIONS 


1. A difference in the endocrine glands of two strains of mice having 
such extremely divergent mammary structures as those described in the 
previous section is a priori probable. 


2. The strain with excessive mammary proliferation (dba) has been 
shown by this study to have a much larger ovary and one containing 
many more corpora lutea than has the cancer-resistant strain (C57). 

3. Less striking differences were probably present in the adrenal and 
perhaps in the thyroid. 


4. Characteristic differences in the anterior lobe of the pituitary 
may exist but must be sought with a more intricate histologic technic 
than was employed in this work. 

5. It must, of course, be remembered that neither of the strains 
studied is necessarily representative of all the cancer-susceptible or of 
all the cancer-resistant groups. 


6. The differences in the ovaries of the two strains should, how- 
ever, draw attention once more to morphologic examination of the 
ovaries of women with hyperplastic and neoplastic disease of the breast. 
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Fig. 24—Thyroid of the cancer-resistant strain with distended peripheral alveoli 
at 6 months. 
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Fig. 25.—Thyroid of the cancer-susceptible strain with small collapsed central 
alveoli at 6 months. 
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v. LESIONS RESEMBLING CHRONIC MASTITIS PRODUCED BY 
THE INJECTION OF ENDOCRINE SUBSTANCES INTO TWO 
STRAINS OF MICE DIFFERING IN THEIR SUS- : 
CEPTIBILITY TO MAMMARY CARCINOMA 


In previous sections it has been established that of the two strains 
of mice used, the black (C57) goes through life, if unmated, with a 
relatively simple mammary structure consisting almost entirely of ducts, 
while the other, the dilute brown strain, becomes distinguishable as 
early as the third month by an enormous proliferation of new acini. 
In addition, it was noted that the ovaries of the dilute brown strain are 
consistently larger and contain more corpora lutea. 

Theories as to the origin of human chronic mastitis assume, as a 
rule, the simple overproduction of one hormone producing a so-called 
imbalance. In the experiments to be reported, the effects of an excess 
of four different endocrine principles on two strains of mice with differ- 
ent inherent tendencies to mammary proliferation were investigated. 
These experiments were directed not toward the production of mammary 
carcinoma, which has been the object of study of many investigators, 
but toward the development of benign lesions and particularly toward 
a study of their morphologic similarity to one of the forms of human 
chronic mastitis. 

Two principles were followed which distinguish these experiments 
from studies of normal physiology. No endocrine organs, such as the 
ovary or the hypophysis, were first removed, so that the endocrine 
substances injected represented clearly an excess and not a substitution. 
Secondly, the injections were not discontinued at the time when a phys- 
iologic effect might have been produced but were given for periods 
up to five hundred days, representing a considerable part of the animal’s 
normal life span. Both of these conditions appear to parallel current 
hypotheses for the production of the human disease. 


PREVIOUS WORK ON THE EXPERIMENTAL PRODUCTION 
OF CHRONIC MASTITIS 


Investigations claiming the artificial production of chronic mastitis 
in animals fall into two classes: (a) those undertaken in a definite 
attempt to produce chronic cystic mastitis and (b) those carried out 
simply to study the effect of the injection of various estrogenic com- 
pounds. 

a. The first investigation of the former group was that of Goor- 
maghtigh and Amerlinck,** who injected into 12 mice daily for from 


42. Goormaghtigh, N., and Amerlinck, A.: Production de formations adénoma- 


teuses mammaires par des injections prolongées de folliculine, Compt. rend. Soc. 
de biol. 108:527-529, 1930. 
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one to nine months 6 rat units of an estrogenic substance, producing 
dilatation of the ducts, increased formation and retention of secretion 
and cystic and solid glandular hyperplasia in 75 per cent of their animals, 
These changes they concluded to be consistent with the lesions of 
Reclus’ disease. Somewhat similar results were reported by Burrows, 
who applied a solution of estrogen in benzene to the interscapular region 
of mice at biweekly intervals and noted proliferation of the mammary 
ducts, formation of small cysts and a stage of hyperplasia comparable 
in his opinion to chronic cystic hyperplasia of the human breast, for 
which he offered the suggestive name of “oestrogenic mastopathy.” 
The view of chronic mastitis as due simply to an increase in estrogen 
has been modified by experiments with other endocrine factors. 
Cramarossa ** reported having produced mammary hyperplasia with 
corpus luteum, and Wieser ** claimed to have produced it with corpus 
luteum in combination with other factors. The work of Herold and 
Effkemann ** contradicts these results. They reported first the develop- 
ment of cysts following the injection into rats of 50 to 250 inter- 
national units of estrogenic substance daily for short periods and the 
later appearance of epithelial proliferation, “pale epithelium” and 
fibrosis of the stroma. These changes, however, were prevented by 
administration of the corpus luteum hormone in sufficient quantities. 
Workers with rabbits have been more cautious in their conclusions. 
Fifer ** stated the opinion that it is the resting stage, that is, the male, 
virgin female and postlactatory mammary glands, which exhibits the 
pathologic picture known in the human breast as chronic cystic mastitis, 
with cysts lined by abnormal epithelium, areas of hyperplasia, cellular 
infiltration and proliferation of the stroma. According to Fifer, during 
periods of functional activity the gland assumes a more orderly appear- 
ance. He concluded that there is a tendency to growth on the part of 
the epithelial cells, which need a hormone to control their orderly devel- 
opment. MacDonald,** injecting estrogenic substances (theelin and 


43. Burrows, H.: Pathological Changes Induced in the Mamma by Oestro- 
genic Compounds, Brit. J. Surg. 23:191-213, 1935. 

44. Cramarossa, V.: Ormone corpo luteo e iperplasie sperimentali della mam- 
mella (in rapporto all’istogenesi della malattia cistica di Reclus), Riv. ital. di ginec. 
16:93-112, 1934. 

45. Wieser, C.: Ueber die hormonale Beeinflussung der Mausebrustdriise. Ein 
Beitrag zur Frage der Atiologie der reclusschen Krankheit, Arch. f. Gynak. 154: 
548-564, 1933. 

46. Herold, L., and Effkemann, G.: Beziehungen des Follikelhormons zu 
pathophysiologischen Wachstumsvorgangen der Brustdriise, Arch. f. Gynak. 168: 
85-93, 94-101, 309-315 and 673-679, 1936. 

47. Fifer, C. L.: The Breast: Lesion in Rabbits Resembling Chronic Cystic 
Mastitis, Arch. Surg. 29:555-559 (Oct.) 1934. 

48. MacDonald, I. G.: The Response of the Mammary Gland to Prolonged 
Stimulation with Ovarian Hormones, Surg., Gynec. & Obst. 63:138-144, 1936. 
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“progynon-B”) in daily doses of 50 rat units, noted at first some patho- 
logic changes in the lining of the ducts, which later, after six months 
of continuous injection, had largely disappeared. Estrone (theelin) 
in combination with corpus luteum extract produced both ductal and 
acinar growth with some secretion and distention of the ducts. He 
concluded, however, that on the basis of present evidence estrogen and 
progestin do not produce specific pathologic lesions, cystic disease or 
adenosis. 

b. During the course of the series of experiments to show the effect 
exerted by estrogen on the incidence of mammary carcinoma in 
male mice, some information has incidentally accumulated on the pro- 
liferative changes in the ducts and acini which precede the development 
of carcinoma. Observation indicates the variable response to be 
expected depends partly on the strain of animal and partly on the precise 
estrogenic substance used. 

The importance of the strain has been considered by several investi- 
gators. Gardner and his co-workers *® observed that estrone (theelin) 
would cause a gradual growth of the mammary rudiments of male mice 
for sixty to seventy-five days but that after the end of this period there 
was little change and that, furthermore, no differences were observed 
in the rate or extent of development induced in the mammary ducts 
of three strains differing in susceptibility to spontaneous development 
of tumor. Bonser,®® using two strains of variable susceptibility to 
mammary cancer, administered ketohydroxyestrin benzoate (estrone 
benzoate) by injection of weekly doses of 300 to 500 international units 
and by painting with an 0.01 per cent solution in benzene. Unexpec- 
tedly, it was the cancer-resistant strain which showed the earlier and 
more widespread proliferation of acini and cystic distention of the ducts 
with secretion. In the cancer-susceptible strain there was some growth 
of the ducts but less distention and secretion and only localized pro- 
liferation of acini. 

The variable effects of different estrogenic compounds have been 
reported by several workers. Burrows" noted that with estrone 
(theelin), equilenin and the methyl ether of estrone there were prolifer- 
ation of the mammary ducts and a moderate development of acini. Estra- 


49. Gardner, W. U.; Diddle, A. W.; Allen, E., and Strong, L. C.: The Effect 
of Theelin on the Mammary Rudiments of Male Mice Differing in Susceptibility 
to Tumor Development, Anat. Rec. 60:457-475, 1934. 

50. Bonser, G.: The Effect of Oestrone Administration on the Mammary 
Glands of Male Mice of Two Strains Differing Greatly in Their Susceptibility 
to Spontaneous Mammary Carcinoma, J. Path. & Bact. 42:169-181, 1936. 

51. Burrows, H.: A Comparison of the Changes Induced by Some Pure 


Oestrogenic Compounds in the Mammae and Testes of Mice, J. Path. & Bact. 
42:161-168, 1936. 
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diol and equilin had little influence on development of the ducts, but a 
powerful one on the production of acini. Estriol (theelol), however, 
favored the development of both ducts and acini. Lacassagne,™ in 
comparing the action on the mammary glands of various substances, 
noted the greatest effect from estrone, less from equilin and the least 
from equilenin. What they regarded as a definitely abnormal type of 
proliferation was observed by Gardner and his co-workers ** in the 
mammary glands of male mice treated with a benzoated estrogen. In 
contrast to simple growth of the mammary duct system, there occurred 
an extensive development of alveolar tissue, with some hyperplastic 
lobules resembling small adenomas, and areas of overgrowth of con- 
nective tissue. 

The effect of prolonged stimulation by other than estrogenic sub- 
stances on the development of abnormal types of proliferation has been 
less studied. Gardner and Hill * have recently noted proliferation of 
the ducts in male mice when the corpus luteum hormone was given 
alone or in combination with estrone (theelin). Howard,°° injecting 
acid extracts of the anterior lobe of the pituitary gland of sheep into 
6 rats for periods up to one hundred and seventy-nine days produced 
periductal fibrosis with fibroadenomatous areas, but neither alveolar nor 
lobular development. The injection of gonadotropic substance from the 
blood of pregnant women produced a different reaction, hyperplasia 
of the gland with the appearance of secretion, but later regressive 
changes, small milk cysts and adenomatous areas. Since only a small 
number of animals were used, some of the supposed effects may have 
been accidental and spontaneous. 

When one compares the list of lesions reported in these experiments 
with those noted in the first section as observable in a typical series 
of cases of chronic cystic mastitis, one is impressed with many dis- 
crepancies. Particularly are the fundamental processes of fibrosis and 
hyperplasia of the ductal epithelium largely lacking from the list of 
lesions artificially produced. It is particularly important, then, to 
reexamine the lesions produced in the mouse mammary glands by 
administration of various endocrine substances and to determine how 
far they are comparable with the lesions tabulated for the human dis- 
ease and produced by some still unknown agent. 


52. Lacassagne, A.: A Comparative Study of the Carcinogenic Action of Cer- 
tain Oestrogenic Hormones, Am. J. Cancer 28:735-740, 1936. 

53. Gardner, W. U.; Smith, G. M., and Strong, L. C.: Stimulation of 
Abnormal Mammary Growth by Large Amounts of Oestrogenic Hormone, Proc. 
Soc. Exper. Biol. & Med. 33:148-150, 1935. 

54. Gardner, W. U., and Hill, R. T.: Effect of Progestin upon the Mammary 
Glands of the Mouse, Proc. Soc. Exper. Biol. & Med. 34:718-720, 1936. 

55. Howard, N. J.: Comparative Studies of Gonadotropic Hormones, Proc. 
Soc. Exper. Biol. & Med. 34:732-734, 1936. 
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METHODS 


The treated animals, again of a cancer-susceptible (dba) and a cancer-resistant 
strain (C57), were cared for and the specimens prepared as has already been 
described for the normal animals. Vaginal smears were made and recorded daily. 
The mammary glands of the left side were sectioned histologically, while those of 
the right side were dissected out in their fascial layers, stained and mounted. The 
ovary, uterus, adrenal, thyroid and pituitary were examined microscopically. 


EFFECT OF INJECTIONS OF ESTRONE (AMNIOTIN) “ 


A total of 29 animals received one injection weekly of 800 inter- 
national units of amniotin in oil injected beneath the skin of the back. 
Occasional injections were omitted when the animals became infected 


TABLE 9.—Duration of Injections and Total Dose of Estrone (Amniotin) 


Cancer-Resistant Strain (057) Cancer-Susceptible Strain (dba) 


Injection Injection 
Mouse Period Total Units Mouse Period Total Units 
Number in Days Injected Number in Days Injected 


or some of the oil was unabsorbed. The time during which the injec- 
tions were given and the total quantities injected are shown in table 9. 

Cancer-Resistant Strain (C57).—In the cancer-resistant strain an 
early and persistent effect was dilatation of the main and sometimes 
of the second branches of the ducts. This was evident both in the 
gross and in the microscopic preparations but was not invariably 
present. No proliferation of the lining of the ducts occurred. The 
response of the acini of the C57 strain to amnidtin was not striking, 
and in some animals it appeared to be absent (fig. 26). In most animals, 
however, even those treated for a shorter period, a definite increase of 
the finer branches or acini at the ends of the ducts was evident. Micro- 
scopic examination of these acini showed only well formed units with 


possibly a little excessive secretion but no suggestion of atypical pro- 
liferation (fig. 27). 


56. The amniotin, follutein and prolactin required for this study were supplied 
by Dr. J. A. Morrell, of E. R. Squibb and Sons. 
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Fig. 26.—Absence of acinar development in a mouse of the “low tumor strain” 
at the age of 13 months, after 37,600 units of estrone had been given. Gross 
preparation. 
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Fig. 27.—Slight acinar development in a mouse of the 


age of 6 months, after 12,800 units of estrone had been given. Microscopic prepa- 


ration. 
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In some animals, especially in the gross preparations, there was 
evidence of an increase in cellularity of the tissues immediately beneath 
the basement membrane of the ducts (fig. 28). This increased celly- 
larity was due in part to connective tissue cells and in part to infiltra- 
tion with lymphocytes. It is not, of course, clear whether this is a 
direct response to the injected substance or is a reaction to the inflam- 
mation from the secretion within the ducts. Conditions identical with 
human mammary disease were thus not produced in this strain by this 
substance, the only effect being slight acinar proliferation, a little dila- 
tation of the ducts and rarely some periductal inflammation. 

Cancer-Susceptible Strain (Dilute Brown).—The mammary glands 
of the dilute brown strain showed after the injection of estrone (theelin) 
simply an exaggeration of their inherent proliferative tendencies. The 
ducts became dilated, though possibly less so than in the C57 strain. 
There was no evidence of increase in their length, and even after over 
a year of injections and in the presence of carcinoma elsewhere in the 
gland, hyperplasia of the lining of the duct was as a rule absent (fig. 29). 
In 2 animals, each 7 months and 11 days old, after injection of 17,600 
international units some reduplication of the lining of several of the 
larger ducts was a possibility (fig. 30). 

Proliferation of the acini commenced at once, however, and after 
six weeks of injections (fig. 31) was more or less universal. In the 
gross the acini were found to cover the ends and sides of the ducts, 
producing fanlike configurations, or appeared in concentrated clusters. 
Usually the acini in the gross had indefinite feathery edges, but occa- 
sionally dilated ones produced sharply circumscribed globular structures 
(fig. 32). The latter form was apparently the result of distention with 
secretion. 

Under the microscope the acini were seen to occur in clusters of 
increasing size as the duration of injection and the age of the animal 
advanced. They were sometimes dilated, with a little secretion in the 
cells and in the lumens of the ducts (fig. 33). Often, however, they 
were collapsed, with sheets of cells lying between them in which tubular 
forms could barely be recognized (fig. 34). Of the 6 animals allowed 
to live beyond the age of 12 months 3 had mammary carcinoma. 

The chief difference between these treated animals of the dilute 
brown strain and the normal animals was, therefore, the earlier and 
more marked acinar development and perhaps a slight increase in dilata- 
tion of the ducts and secretion in the tubules. The continued freedom 
of the larger ducts from any striking proliferation was noteworthy. 
The inherent tendency of new acini to develop overshadowed any specific 
changes produced by the exogenous estrogen. 
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Fig. 29.—Absence of hyperplasia of the ducts in a mouse of the “high tumor 
strain” at the age of 15 months, after 43,200 units of estrone had been given. Micro- 
scopic preparation. 
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Fig. 31.—Early acinar proliferation in a mouse of the “high tumor strain” at the 
age of 3 months, after 3,840 units of estrone had been given. Gross preparation. 
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Fig. 32.—Sharp margins of dilated secretion-containing a 
“high tumor strain” at the age of 15 months, after 44,800 units of estrone had been 


given. Gross preparation. 
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Fig. 33.—Dilated and proliferated acini in a mouse of the “high tumor strain” 
at the age of 15 months, after 44,800 units of estrone had been given. Microscopic 
preparation. 
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Fig. 34.—Multiplication of acini with solid areas of epithelial cells in a mouse 
of the “high tumor strain” at the age of 10 months, after 26,400 units of estrone had 
been given. Microscopic preparation. 
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EFFECT OF INJECTION OF ESTRADIOL BENZOATE 
(OESTROFORM B) 


The dose of estradiol benzoate was 1,000 international units weekly, 
given in a single injection to 11 mice of the C57 and 13 of the dba 
strain (table 10). Estradiol (dihydroxyestrin) is perhaps five to ten 
times as active biologically as ketohydroxyestrin, and the effectiveness 
of the preparation used was perhaps further increased by the delayed 
absorption of the benzoated form. 

This increased potency was indicated by the rapid development of 
pyometra and the death of the first lot of animals treated with this 
substance. No such difficulty had been encountered with the animals 
given injections of amniotin. The animals of the second series (the 
series here reported) were all therefore subjected to hysterectomy before 


Taste 10.—Duration of Infections and Total Dose of Estradiol Benzoate 


Cancer-Resistant Strain (C57) Cancer-Susceptible Strain (dba) 


= 


Injection Injection 
S Mouse Period Total Units Mouse Period Tota! Units 
BS Number in Days Injected Number in Days Injected 


the injections were begun. After this the treatment was comparatively 

well borne, although there were some premature deaths and one or two 

abscesses were encountered at autopsy near the ovary, possibly in 
remnants of the fallopian tubes. 

Cancer-Resistant Strain.—There was little to distinguish the effects 
of estradiol benzoate from that of estrone on the mammary glands of 
the C57 strain. The ducts were occasionally although not uniformly 
dilated, figure 35 representing an extreme example. The lumens of 
the ducts contained a little secretion, but there was usually no sign of 
hyperplasia of the lining of the ducts even after long periods of injec- 
tions. Periductal fibrosis was slight. 

P The acini were moderately increased in number over the normal, 
but this appeared to be no more marked than in the animals treated with 
amniotin. There was almost as much acinar development at 4 months, 
after 7,000 units had been given, as at 13 months, after 43,000 units. 

It was especially interesting to note that the degree of acinar prolifer- 


802 TA 
j 
4 
269 32,000 217 31,000 
‘ 
| 
of 
« 


tively 
wr two 
in 


effects 
ids of 
ormly 
ns of 
ign of 
injec- 


ormal, 
d with 
ionths, 

units. 
olifer- 


TAYLOR-W ALTMAN—HYPERPLASIAS OF MAMMARY GLAND 


803 


Fig. 35.—Di i i 
ilatation of duct in a mouse of the “low tumor strain” at the age 
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ation in this cancer-resistant strain after injections of estradiol was 
much less than that accompanying the normal acinar development of 
the untreated mice of the cancer-susceptible type. 

In only 1 case was there a local area in which clusters of acini 
occurred somewhat suggestive of the dba type (fig. 36). Microscopic 
sections from the glands of this mouse showed also dilated ducts, an 
increase in the number of acini and possibly slight hyperplasia of the 
epithelium of the ducts. The somewhat unequal response of different 
members of these strains is not surprising, for it should be remem- 
bered that even in a supposedly “cancer-free” line an occasional mam- 
mary carcinoma develops. 

Cancer-Susceptible Strain—The ducts of the dilute brown strain 
treated by estradiol benzoate showed certain pathologic changes. 
Nearly all were dilated, and in 5 there was some hyperplasia of the 
lining (fig. 37). Also there occurred in 1 mouse clusters of small 
dilated tubules, perhaps to be interpreted as newly formed ducts 
(fig. 38). 

The most striking changes in the ducts of the animals which 
received estradiol benzoate for long periods were the signs of a chronic 
state of retained secretion. The cells of many of the acini were 
swollen. Pink amorphous material was present in many of the ducts, 
and occasionally cells with a yellowish cytoplasm lay free in the lumen 
(fig. 39), resembling in many respects the fat-containing cells observed 
at times in the human disease. 

Signs of a reaction to this secretion within the ducts was evident 
in the surrounding tissues. Increase in fibrous tissue was present in 
several animals and was marked in 1 case (fig. 37). Moderate lympho- 
cytic infiltration was not uncommon. Finally, about the ducts of 1 
animal were masses of pale hexagonal cells with large distinct nuclei, 
apparently endothelial leukocytes (fig. 40). 

The acini had proliferated greatly in all of these animals, possibly 
more so than in those treated with estrone. Grossly these multiplying 
acini sometimes took the form of great feathery masses covering the 
entire stem of the duct (fig. 41), while at other times the development 
was more focal. Careful examination of the margins of the acinar 
masses under the low power microscope showed that sometimes there 
was a relatively sharp basement membrane, whereas in other places the 
edge was quite diffuse (fig. 42). 

Some variation in the degree of response was evident both between 
different animals and in different parts of the same gland. In some 
mice, treated for nearly a year, considerable segments of duct were 
nearly free of acini, in contrast to the almost uniform proliferation 
sometimes present after only a few weeks of treatment. It was gen- 
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Fig. 36.—Localized intense acinar proliferation (rarely seen) in a mouse of the 
low tumor strain” at the age of 11 months, after 33,000 units of estradiol benzoate 
had been given. Gross preparation. 
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Fig. 37.—Periductal fibrosis and slight hyperplasia of the ducts in a mouse of 
the “high tumor strain” at the age of 8 months, after 28,000 units of estradiol 
benzoate had been given. Microscopic preparation. 
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Fig. 38.—Proliferated clusters of tubules, possibly ducts, in a mouse of the “high 
_ tumor strain” at the age of 9 months, after 28,000 units of estradiol benzoate had 
been given. Microscopic preparation. 
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Fig. 39.—Fat-filled endothelial leukocytes or desquamated epithelial cells in a 
mouse of the “high tumor strain” at the age of 11 months, after 40,000 units of 
estradiol benzoate had been given. Microscopic preparation. 
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Fig. 40.—Periductal infiltration of endothelial fat 
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Fig. 41.—Generalized acinar proliferation in the mammary glands of a mouse 
of the “high tumor strain” at the age of 12 months, after 43,000 units of estradiol 
benzoate had been given. Gross preparation. 
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a mouse Fig. 42.—Diffuse margin of acinar clusters suggesting infiltration in a mouse 
estradiol of the “high tumor strain,” aged 9 months, after 31,000 units of estradiol benzoate 
had been given. Gross preparation. 
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erally true, however, that the larger masses of acini occurred in the 
older animals, whereas in the younger, although proliferation was 
universal, no large clumps had yet been formed. 

Under the microscope the acini were found in large groups. Par- 
ticularly in the younger animals the tubules were of medium size, 
dilated with an acidophilic secretion and composed of a regular ring of 
cuboidal cells. This type predominated in animals 6 months of age. 
Later, smaller alveoli, collapsed and lumenless, with small cells com- 
posed mostly of nuclei, were commoner. Between these acini, sheets 
of diffusely growing epithelial cells, some showing mitosis, were present. 
One type of proliferation with several acini growing together in a 
small cluster, their lumens partly filled with cells, closely resembled 
certain forms of abnormal acinar proliferation in women (fig. 43). 

Palpable cancer developed in 2 of the 3 animals which lived to be 
over 1 year old and in 2 of the 4 animals which lived nine to ten months. 
In the mounted specimens from the other animals of these ages opaque 
islands of multiplying acini probably indicated the beginning of mul- 
tiple small malignant areas. 

In summarizing the effects of estradiol benzoate on the cancer- 
susceptible strain, it appears that the principal effect is still simply 
acceleration of the normal acinar proliferation and the eventual develop- 
ment of carcinoma on this basis. There is in addition, moderate hyper- 
plasia of the duct epithelium, but the chief changes in this region are 
periductal, apparently the result of stasis of secretion in the lumens. 
In this respect the mammary tissue from the animals treated with 
estradiol resembles somewhat the type of mammary disease seen in 
women in which the chief features are retained secretion, periductal 
inflammation and moderate proliferation of the cells lining the ducts. 


Neoplasms of the ducts, in the sense of papillomas, were certainly not 
produced. 


EFFECT OF INJECTION OF GONADOTROPIC SUBSTANCE FROM URINE 
OF PREGNANT WOMEN (FOLLUTEIN, SQUIBB) 


The dose of gonadotropic substance was 30 rat units given twice 
weekly to a series of 11 animals of the resistant and 17 of the sus- 
ceptible strain (table 11). No difficulties were encountered with the 
giving of this material for as long as thirty-four weeks. 

Cancer-Resistant Strain.—No proliferation of ducts or acini resulted 
from the injection of this gonadotropic substance. The character of 
the gross and microscopic sections as a rule fell within the limits 
of what had been observed for the untreated animals. In 2 animals of 
the cancer-resistant strain exceptions to these findings were noted. In 
each the larger ducts were greatly dilated and contained secretion, 
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Fig. 43.—Coalescing acinar clusters in a mouse of the “high tumor strain” at the 
age of 12 months, after 40,000 international units of estradiol benzoate had been 
given. Microscopic preparation. 
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while numerous small acini, sometimes in tiny clusters, were also pres- 
ent. Since this was noted in only 2 animals, these changes may represent 
individual peculiarities rather than the specific effect of the substance 
injected. 

Cancer-Susceptible Strain —This substance had also no effect on the 
evolution of the excessive mammary epithelial development normal to 
the cancer-susceptible strain. All of the formations described for the 
control animals of this group were here repeated (fig. 44). Carcinoma 
developed as a palpable growth in the only animal surviving twelve 
months and in a second, which survived eleven months. 


TasLe 11.—Duration of Injections and Total Dose of Gonadotropic Substance 
from Urine of Pregnant Women (Follutein) 


Cancer-Resistant Strain (C57) Cancer-Susceptible Strain (dba) 
= — 
Duration Duration 
ofInjee- Total Injec- ofInjec- Total Injee 
tion Period tions in tion Period tions in 
in Days Rat Units in Days Rat Units 


40 700 
78 1,340 
235 2,040 
235 2,040 
274 2,370 
288 2,490 
316 
316 
379 
397 
397 


2,730 
2,730 
3,270 
3,420 
3,420 


In 1 or 2 of the younger animals it appeared possible that the 
acinar proliferation was a little less than normal. In 1 case par- 
ticularly the ducts showed almost no acinar buds except for one or 
two small areas where typical but minute clusters appeared. A report 
by Cramer and Horning ™ of prevention of the appearance of spon- 
taneous mammary carcinoma in mice by a preparation containing the 
thyrotropic hormone of the anterior lobe of the pituitary gland led to 
the consideration of a possible inhibitory effect of the gonadotropic 
substance in this case. The later development of typical carcinomas 
in 2 other relatively young mice led to the abandonment of any such 
theory for the hormone used. 


57. Cramer, W., and Horning, E. S.: Prevention of Spontaneous Mammary 
Cancer in Mice by Thyrotropic Hormone of Pituitary, Lancet 1:72-76, 1938. 
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Fig. 44.—Typical precancerous clusters developing in a mouse of the a — 
strain,” aged 12 months, after 2,370 rat units of gonadotropic factor of the u 
of pregnant women had been given. Gross preparation. 
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It must be concluded, then, that this gonadotropic substance neither 
stimulated nor inhibited mammary proliferation in either of these 
strains. It might have been expected that an increase in estrogenic 
substance produced through stimulation of the animals’ own ovaries 
would have affected the breasts. As a matter of fact, examination of 
the ovaries showed them also to have been little affected. It is possible 
that the long-continued injections led to the formation of antihormones 
which counteracted any other effect. Such an explanation is not, how- 
ever, necessary, for when it is remembered that relatively large doses 
of estrogens did no more than accentuate proliferation of the mammary 
glands of the dilute brown strain and had little effect on the C57 
strain, it is not surprising that the morphologic effect on the mammary 
glands of an indirectly produced estrogen should be unrecognizable. 


Taste 12.—Duration of Injections and Total Dose of Lactogenic Principle of 
Anterior Pituitary (Prolactin) 


Cancer-Resistant Strain (057) Cancer-Susceptible Strain (dba) 
Injection Total Injection Total 
Mouse Period Bird Units Mouse Period Biel Units 
Number in Days Injected Number in Days Injected 
29 42 OD. 44 76 
32 48 64 110 
65 112 93 160 
ne 65 112 118 194 
130 228 124 204 
134 234 one 124 204 
271 378 107 246 
271 468 274 432 
313 528 290 474 
347 588 302 522 
379 630 309 522 
838 750 438 756 
338 750 


EFFECT OF LACTOGENIC PRINCIPLE OF ANTERIOR PITUITARY 
(PROLACTIN ) 

Prolactin (Squibb), divided at first into six and later into two 
doses, was injected to give a total weekly amount of 12 bird units. 
Fourteen animals of the C57 strain and 13 of the dilute brown strain 
were treated for periods ranging from one to fourteen months 
(table 12). 

Cancer-Resistant Strain.—The ducts of the C57 strain after injec- 
tion of prolactin were often considerably dilated and contained more 
secretion than was normally encountered. There was also probably a 
little increase in the periductal collections of lymphocytes (fig. 45) and 
in the connective tissue along the course of the ducts. The acini as 
a rule showed no increase over their normal number. In a rare case 


aad 
3 
3 
3 
G 
og 


» two 
units. 
strain 
ionths 


injec- 
more 
ibly a 
) and 
ini as 


> case 


TAYLOR-WALTMAN—HYPERPLASIAS OF MAMMARY GLAND 817 


Fig. 45—Lymphocytic collections along the duct in a mouse of the “low tumor 
Strain” at the age of 6 months, after 234 bird units of prolactin had been given. 
Gross preparation. 
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the possibility of some development of new acini could not be posi- 
tively excluded, but the relatively large numbers of side branches noted 
in some preparations were probably within the limits of the normal 
variations of the strain. Evidences of increased secretion in either 
the cells or the lumens of acini were notably absent. The presence of 
many lymphocytes may have beeen an indication, however, of stasis of 
secretion in the ducts. 

Cancer-Susceptible Strain——Positive findings to distinguish this 
group from the untreated animals of the same strain were also lacking. 
The ducts were as a rule much dilated but never showed any epithelial 
hyperplasia and contained only a little secretion in the prepared speci- 
mens. The acini, as in the normal animals of the strain, proliferated 
early, at first forming delicate feathery or tufted structures but later 
producing bulbous dilatations suggesting distention of the acini with 
secretion. Although precancerous clusters were not infrequent, the 
degree of acinar development varied greatly, and in the 3 oldest ani- 
mals the acinar development was relatively slight. 

Microscopic examination showed the characteristic clusters of acini 
observed in the normal animals of the strain and often markedly dilated 
ducts. The amount of secretion detectable in the sections did not 
approach that in the group treated with estradiol benzoate and perhaps 
did not exceed the normal. Collections of lymphocytes about the acini 


were again perhaps indirect evidence of stimulation of secretion by 
prolactin. Although there was some suggestion of a diminished acinar 
growth in these animals of the dba strain treated with prolactin, there 
is no basis to claim an inhibiting effect. Furthermore, palpable cancer 
developed once among the 6 animals which lived over ten months. 


SUMMARY 


The basic difference in the structure of the mammary gland of the 
two strains is persistent no matter what endocrine principle is injected. 
Thus, the mouse of the C57 strain receiving the largest amounts of 
estrone (theelin) or estradiol benzoate exhibited a far less complex 
mammary structure than did the untreated animal of the dilute brown 
strain. The importance of hereditary constitution as opposed to 
extraneous endocrine stimuli is thus strikingly emphasized. 

The effect of estrone and of estradiol benzoate on the C57 strain 
was simply to cause moderate proliferation of the acini, while the 
action of these substances on the glands of the dilute brown strain was 
acceleration and intensification of their inherent tendency to acinar 
production. The lesion thus produced was adenosis with a marked 
tendency in one strain to become malignant. Morphologically it 
resembled the areas of acinar proliferation, adenosis or localized 
adenoma sometimes seen in human chronic cystic mastitis (fig. 4). 


P 
) 
i 
gn 
th 
de 
3 
i 


posi- 
noted 
ormal 
either 
ice of 
sis of 


h this 
cking. 
thelial 
speci- 
ferated 
it later 
with 
nt, the 
st ani- 


yf acini 
dilated 
lid not 
perhaps 
he acini 
tion by 
1 acinar 
n, there 
> cancer 
ths. 


d of the 
injected. 
punts of 
complex 
e brown 
posed to 


57 strain 
vhile the 
train was 
fo acinar 
marked 
ically it 
localized 
x, 4). 


TAYLOR-W ALTMAN—HYPERPLASIAS OF MAMMARY GLAND 819 


Hyperplasia of the lining of the ducts was not prominent in these 
treated mice. In some animals, especially of the dba series treated 
with estradiol there was evidence of some reduplication of the epi- 
thelial lining of the ducts. These changes were associated with secre- 
tion in the ducts and the appearance of new connective tissue, 
lymphocytes and fat-containing endothelial leukocytes in the periductal 
tissues. The lesion thus produced somewhat resembled periductal 
inflammation in women with abnormal secretion from the nipple 


(figs. 5 and 6), but complex hyperplastic lesions, such as papillomas 


_ or complete filling of the ducts by epithelium (fig. 8), were entirely 


missing. 

Gonadotropic substance from the urine of pregnant women had no 
effect on the epithelium of the mammary glands of either strain. It 
could not be demonstrated that it either accelerated or retarded the 
formation of carcinoma. 

Lactogenic substance also had no effect on the proliferation of epi- 
thelium. In certain animals, especially of the C57 strain, there were 
some dilatation of the ducts and slight signs of secretion in the ducts. 

The other characteristics of human chronic cystic mastitis were 
little in evidence. 

Definite connective tissue proliferation appeared in a few mice, 
always about the ducts, and was probably to be explained on the basis 
of a reaction to chronic inflammation. The histologic picture of the 
common type of human mammary disease in which connective tissue 
proliferation leads to diffuse adenofibrosis was not reproduced by this 
means (figs. 1 and 2). 

Cysts never occurred. The gross preparations proved beyond 
question that the large, epithelium-lined structures encountered micro- 
scopically were simply cross sections of dilated ducts. 

“Pale epithelium” comparable to that so frequently encountered 
in the human disease was never observed in these preparations. 

On account of basic anatomic differences between the human and 
the mouse mammary glands it cannot, perhaps, be expected that morpho- 
logically identical lesions should occur. Nevertheless, the contrasts in 
appearance of estrogen-produced mammary lesions in mice and the 
spontaneous lesions of so-called “chronic mastitis” in women may well 
be the result of differences in etiology as well. Certainly discrimi- 
nation should be exercised in using evidence derived from the study of 


artificially produced epithelial hyperplasia in mice to explain benign 
mammary proliferation in women. 


CONCLUSIONS 


1. The characteristic lesion arising spontaneously in the mammary 
gland of mice susceptible to carcinoma and that produced by estrogenic 
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substances is a diffuse adenomatous proliferation of acini. Morpho- 
logically similar structures are sometimes seen in human mammary 
disease, but their presence does not constitute an essential feature of 
“chronic mastitis.” 

2. The diffuse fibrosis or adenofibrosis which is characteristic of 
the commonest form of benign mammary disease in women has no 
morphologic counterpart in the lesions of the mammary glands of mice, 
whether spontaneous or induced by administration of endocrine sub- 
stances. 


3. The human disease characterized by retained secretion in dilated - 
ducts, moderate hyperplasia of the lining of the ducts and signs of 
periductal inflammation is rather closely imitated by lesions in mice 
developing after prolonged administration of endocrine substances, 
especially of estradiol. 

4. Complex neoplastic lesions of the lining of the ducts occurring 
in the human breast, such as papillomas or proliferation of the epi- 
thelium to fill the ducts completely, do not develop in the breast of 
the mouse either spontaneously or after prolonged administration of 
estrogens. 


CORRECTION 


In the article by Dr. Gordon Murray entitled “Heparin in Surgical Treatment 
of Blood Vessels,” in the February issue (Arcu. Surc. 40:307, 1940) the name 
“Labey” should be substituted for “Key” in the second line on page 312, and 
footnote 4 should begin “Labey, cited by Key:”. 
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